Annual Report on Zoonoses in Denmark 2013 by Müller, Luise
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners 
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 
• Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 
• You may not further distribute the material or use it for any profit-making activity or commercial gain 
• You may freely distribute the URL identifying the publication in the public portal  
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
   
 
Downloaded from orbit.dtu.dk on: Dec 20, 2017
Annual Report on Zoonoses in Denmark 2013
Sørensen, Anna Irene Vedel; Helwigh, Birgitte; Müller, Luise
Publication date:
2014
Document Version
Publisher's PDF, also known as Version of record
Link back to DTU Orbit
Citation (APA):
Sørensen, A. I. V. (Ed.), Helwigh, B. (Ed.), & Müller, L. (2014). Annual Report on Zoonoses in Denmark 2013.
Søborg: DTU Food.  (Annual Report on Zoonoses in Denmark).
Annual Report on Zoonoses
in Denmark 2013
Annual Report on Zoonoses in Denmark 2013
Edited by:
Anna Irene Vedel Sørensen and Birgitte Helwigh
Danish Zoonosis Centre
National Food Institute
Technical University of Denmark
Luise Müller
Statens Serum Institut
This is an official publication from the 
National Food Institute, Technical 
University of Denmark, the Danish 
Veterinary and Food Administration, and 
Statens Serum Institut. 
Text and tables may be cited and reprinted only with 
reference to this report.
Suggested citation:
Anonymous, 2014. Annual Report on Zoonoses 
in Denmark 2013, National Food Institute, 
Technical University of Denmark.
Reprints can be ordered from:
Danish Zoonosis Centre
National Food Institute
Technical University of Denmark
Mørkhøj Bygade 19
DK - 2860 Søborg
Denmark
Phone:  +45 40 21 53 77
Fax:       +45 35 88 70 28
E-mail: vibb@food.dtu.dk
Layout: Susanne Carlsson
Photos: Colourbox 
Printing: Rosendahls Schultz Grafisk A/S
ISSN: 1600-3837
The report is also available at:
www.food.dtu.dk
 
Contents  
Introduction   
 
1. Trends and sources in human salmonellosis  6
2. Food- and waterborne outbreaks   12
3. Whole genome sequencing  16
4. Relative human risk of Salmonella Enteritidis in table   20 
 eggs in Denmark  
5. Salmonella Dublin in cattle  24
6. Outbreak of Salmonella Choleraesuis in Danish pig herds   28 
 
7. Salmonella  Typhimurium DT41 in poultry  29
8. Online tools  - risk assessment models and  
 predictive microbiology  30 
8.1 TRiMiCri: Easy access to risk based microbiological criteria
8.2 Food Spoilage and Safety Predictor (FSSP) Software
9. International topics  32
9.1 Control of zoonoses in animal populations
9.2 Antimicrobial resistance 
9.3 Microbiological criterion for verotoxin-producing E.coli in sprouts 
  
10. Surveillance and control programmes                                           34
10.1 Surveillance of human disease 
10.2 Outbreaks of zoonotic gastrointestinal infections  
10.3 Surveillance and control of animals and animal products
10.4 Official testing of zoonotic pathogens in foodstuffs 
Appendix
Trends and sources in human salmonellosis                                                        38
Human disease and outbreak data                                                                        39
Monitoring and surveillance data                                                                     42
Monitoring and surveillance programmes                                                                     58
Population and slaughter data                                                                               65 
List of Figures and Tables                                                                                       66
       Annual Report on Zoonoses in Denmark 20134
Introduction 
In 2013, the total number of human Salmonella cases 
remained at a level similar to the two previous years with 
1,136 reported cases. The number of S. Enteritidis cases 
increased considerably compared to previous years, prima-
rily due to a large travel-related outbreak of S. Enteritidis, 
where 88 cases were known to have visited Turkey during 
or just prior to disease onset. The number of cases infected 
with S. Typhimurium or monophasic Typhimurium-like 
strains and other serotypes decreased and were at the lowest 
observed for decades. 
Nine Salmonella outbreaks were reported in 2013 of 
which six were domestic; two of these outbreaks were 
caused by S. Typhimurium in pork. 2013 was a year with 
more travel-related outbreaks than usual; three Salmonella 
outbreaks and two outbreaks with other causative agents ta-
king place at tourist destinations were reported, compared 
to none in 2012 and two in 2011. The most severe outbreak 
in 2013 was a large Nordic outbreak of hepatitis A virus 
with 117 cases, including 72 Danish cases. The source of 
the outbreak was narrowed down to frozen strawberries 
most probably originating from Morocco or Egypt.
No human cases were attributed to domestic broiler 
meat in 2013 according to the Salmonella source account. 
This was the third year in a row. In total, 52% of all human 
cases was estimated to be travel related; 40% was sporadic 
cases and 12% was known to be part of travel-related out-
breaks. This was similar to previous years. For the cases not 
related to travel, Danish pork (12%) was estimated to be the 
most important source and increased compared to 2012 
(8%), although this was mainly due to the two outbreaks 
related to this source, as the proportion of sporadic cases 
attributed to this source was at a similar level in these two 
years. The cases attributed to beef decreased again after a 
considerable increase last year.
The number of human Campylobacter cases in 2013 
(3,766 cases) remained at a level similar to 2012 (3,728 
cases) and thereby continues to be the most commonly 
reported zoonotic pathogen in Denmark, contributing 
more than 50 % of all cases.
Whole genome sequencing 
In recent years, new DNA-sequencing techniques have 
been developed and made available for easy and fairly 
cheap sequencing of bacterial genomes. In the near future, 
this will enable laboratories to implement whole genome 
sequencing (WGS) as a replacement or complement to 
existing typing methods. WGS has already proved very use-
ful in the surveillance of human listeriosis, where Statens 
Serum Institute implemented the method in 2013. WGS 
has also been applied with success as a tool in the analysis 
of isolates from two human Salmonella outbreaks. During 
an S. Bareilly outbreak in 2013, WGS of human and broiler 
isolates of this relatively rare serovar made it possible to 
conclude that the two groups of isolates must have had a 
close common ancestor, but the infected broiler flock did 
not seem to be the direct source of the outbreak. Based on 
these first and promising uses of WGS it is concluded that 
WGS will be of great value in future cluster detection and 
outbreak investigation, and initiatives will be taken to make 
sure that sharing of WGS data between the laboratories at 
Statens Serum Institute and the National Food Institute 
also remains plausible in the future.
Salmonella in table eggs
The last two decades of intensive Salmonella control 
and eradication programmes in the Danish table egg pro-
duction have been highly successful, and in the last ten 
years only few flocks have been found Salmonella positive. 
In order to evaluate the effect of an abolishment of 
the warning against the use of raw eggs in dishes eaten 
without heat treatment, the Danish Veterinary and Food 
Administration asked The National Food Institute to 
estimate the relative risk of salmonellosis resulting from 
increased use of raw eggs by consumers. A model was 
developed and used for estimating the risks for a number 
of different scenarios, where different factors such as inter-
val between routine testing, prevalence in countries from 
which eggs are imported and proportion of Danish laying 
hen flocks infected with S. Enteritidis varied. Based on all 
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the known factors and results, the Danish Veterinary and 
Food Administration abolished the recommendation to 
consumers on using pasteurised eggs in dishes that are not 
heat treated. However as eggs are biological products it is 
not possible to give a 100% guarantee that all eggs are free 
from Salmonella. The recommendation to use pasteurised 
eggs, if the dishes are meant for vulnerable consumers like 
elderly, immunosuppressed or children was maintained.
Salmonella Dublin in cattle
In 2002, a national surveillance programme for Sal-
monella Dublin in cattle was initiated in Denmark. The 
main purposes were to monitor the national and regional 
prevalences in the cattle population over time and to 
provide farmers with a tool to protect their herds against 
introduction of S. Dublin. All Danish cattle herds are clas-
sified into three levels of infection based on repeated anti-
body measurements in bulk tank milk, individual blood 
sampling, bacteriological cultivation of herds with clinical 
outbreaks of salmonellosis and cattle trade patterns. The 
programme rapidly had an effect on trade behaviour and 
the trend in the proportion of herds not assumed to be free 
from S. Dublin decreased. After a period of stagnation, a 
national eradication plan was initiated in 2007. The third 
and last step of this plan was set in place in 2013. This step 
include a regionalisation of Denmark into high prevalence 
and low prevalence regions, with movement of animals 
from high to low prevalence regions generally prohibited, 
and compulsory eradication of S. Dublin in infected herds.
Salmonella Choleraesuis and Salmonella 
Typhimurium DT41
In late 2012 Salmonella Choleraesuis, a serovar linked to 
the pig reservoir with the potential to cause severe clinical 
disease in pigs and humans, was observed in a Danish pig 
herd for the first time since 1999, followed by two additio-
nal findings in 2013. However, it has not been possible to 
identify the primary introduction of this pathogen. 
After a very low incidence of Salmonella in the Danish 
broiler and table egg production in the beginning of 2013, 
an unusually high number of flocks with S. Typhimurium 
DT41 was observed in the last quarter of 2013. This parti-
cular type was isolated from both hatcheries, production 
flocks, at slaughterhouse and from feed. After additional 
subtyping of the isolates coupled with epidemiological 
investigations, the source of the sudden increase of S. 
Typhimurium DT41 in the poultry production remained 
unclear, although it could be concluded that a combination 
of spread within the production pyramid and new introdu-
ctions had played a role. No human cases infected with S. 
Choleraesuis or the relevant subtypes of S. Typhimurium 
DT41 were reported in 2013.
Risk assessment and predictive microbiology 
tools available online
Two user-friendly tools for risk assessment and predic-
tive microbiology developed at the National Food Institute 
are freely available on the internet; TriMiCri and Food 
Spoilage and Safety Predictor (FSSP) software. 
 TriMiCri is a tool, which aims at facilitating the estab-
lishment and application of risk based microbiological 
criteria on Campylobacter in broiler meat.  TriMiCri can e.g 
be used to apply the Danish case-by-case risk assessment 
approach for the users own situation or to evaluate the ex-
pected effect of setting specific microbiological criteria  in 
terms of effect on consumer health risk and the percentage 
of (potentially costly) non-complying food lots.
The Food Spoilage and Safety Predictor (FSSP) software 
contains various models to predict the effect of product 
characteristics and storage conditions on shelf-life and 
safety of food. The software can among many other things 
be used to document if Listeria monocytogenes is able or 
unable to grow in a product. 
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1. Trends and sources in human 
salmonellosis
   
Figure 1.1. Total incidence of human 
salmonellosis and estimated human incidence due 
to domestic broilers, pork, table eggs and imported 
meat products in Denmark, 1988 to 2013
By Leonardo de Knegt (ledkn@food.dtu.dk) and Tine Hald
In 2013, Salmonella was the second most common 
cause of bacterial foodborne infections in Denmark with 
1,136 cases reported. During the last three decades, broi-
lers, pigs and laying hens have been ascribed the role of 
main reservoirs for this pathogen in different time periods, 
thus demanding different control strategies in the food 
chain [1]. In order to identify the main food-animal sources 
of human salmonellosis, Denmark has since 1995 relied 
on the routine application of a source attribution model.
The source attribution model compares the number of 
human cases caused by different Salmonella subtypes with 
the distribution of the same subtypes isolated from the 
various food-animal sources. 
New MLVA-based Salmonella source account
Until 2012, the subtyping methods used to characterize 
human cases and animal samples were serotyping, followed 
by phage typing of S. Enteritidis and S. Typhimurium. 
Antimicrobial resistance profiles of S. Typhimurium iso-
lates were also included to further distinguish between 
similar phage types. Based on an opinion published in 
2010 by the European Food Safety Authority [2], strains 
with just one phase of the H-antigen (e.g. S.1,4,[5],12:i:-) 
are considered “Monophasic S. Typhimurium”  in the 
source account.
Phage typing of Salmonella has been applied for sur-
veillance, source attribution and outbreak investigations 
in Denmark since the mid-nineties. It is a phenotypical 
method that depends very much on the experience of 
the laboratory doing the typing and on the maintenance 
of a reference phage collection [3]. Frequently, phage 
typing has been supplemented with the use of molecular 
methods, such as pulsed-field gel electrophoresis (PFGE) 
or multiple locus variable number tandem repeat analysis 
(MLVA), to improve the discrimination of Salmonella 
Note: In 2013, imported sources may be underestimated, as imported ducks were not included for lack of data, and imported beef 
corresponds to an estimation based only on S. Dublin from previous years (2009-2012).
Source: Danish Zoonosis Centre, National Food Institute
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Note: Sporadic and outbreak-related cases with unknown source include all sources not in the model, e.g. vegetables and fruit. 
121 cases  of the travel-related outbreaks were from a travel-related outbreak due to eggs / egg products
Source: Danish Zoonosis Centre, National Food Institute
Figure 1.2. Estimated sources of 1,136 cases of human salmonellosis in Denmark, 2013
(See also Appendix Table A1) 
subtyping for detection of outbreaks and identification 
of outbreak sources [3-6], and efforts are currently being 
made to establish MLVA as a tool for Salmonella surveil-
lance in several countries [5, 7]. Starting with the 2013 data, 
MLVA substituted phage typing as the subtyping method 
for isolates of S. Enteritidis and S. Typhimurium from 
animal or food samples originating from surveillance or 
monitoring programs, as well as from clinical human cases 
in Denmark. Serotyping, as well antimicrobial resistance 
profiling for S. Typhimurium, are still performed.
The MLVA profiles for Salmonella are defined by the 
number of repetitions observed in five independent loci, 
namely SE9, SE5, SE2, SE1 and SE3 for S. Enteritidis, 
and STTR3, STTR6, STTR10, STTR5 and STTR9 for S. 
Typhimurium. Compared to phenotypical methods, MLVA 
provides a more detailed profiling of isolates. However, 
the source attribution model used in Denmark depends 
on a perfect match between the Salmonella subtypes from 
human cases and animal reservoirs, and therefore a full 
MLVA profile may be too discriminatory for attribution 
purposes. Therefore simplified MLVA profiles for Salmo-
nella isolates from 2009 and 2010 were tested in different 
model adaptations. The models with the best fit for each 
profile were chosen, and the results compared with the 
results from the phage type-based model from the same 
years. The selected profile for S. Typhimurium is composed 
by loci STTR3, STTR5 and STTR9, while for S. Enteritidis 
a profile with all five loci was selected.
Since 2008, data from multiple years have been used in 
the model to improve the robustness and accuracy of the 
results, but a single year’s results are based on that year’s 
data only. As MLVA is a newly-introduced method in the 
Danish surveillance system, data from previous years were 
not available, and therefore the 2013 model included only 
one year of data. 
Secondly, the change in typing method and differences 
in profile matching means that some shifts in the attributed 
shares are to be expected, when compared to results from 
previous years. Thirdly, the amount of data available for 
feeding the model changed from 2012 to 2013. In 2013 
no data were available from imported beef or imported 
ducks. The number of cases attributed to imported beef 
was calculated using the proportion of cases of S. Dublin 
from imported beef in 2009 to 2012 to estimate the 2013 S. 
Dublin cases from this source. This means that the overall 
contribution of cases from imported food is likely to be 
underestimated, given the absence of data.
Salmonella source account 2013 – results
The incidence of human salmonellosis in 2013 was 
20.3 cases per 100,000 inhabitants, including an increase 
of the incidence of S. Enteritidis (6.2), when compared to 
an incidence of 4.3 reported in 2012. The incidence of S. 
Typimurium, on the other hand, decreased from 7.3 to 6.0, 
with a decrease in both typical and monophasic strains (3.7 
and 2.3 from 4.0 and 3.4 respectively) (Appendix Table A2). 
The overall trend in human salmonellosis cases attributable 
to the major food-animal sources is presented in Figure 1.1.
The most important food source of salmonellosis in 
Denmark in 2013 was estimated to be domestic pork 
(Figure 1.2 and Appendix Table A1), to which 12.2% of 
all Salmonella cases were attributed. This represents an 
increase when compared with the previous year, where 
8.0% of the cases were attributed to domestic pork. Ex-
Domestic beef (0.3-5.1%)
Domestic table eggs (0.6-2.7%)
Domestic ducks (0.0-1.8%)
Domestic pork (2.9-9.7%)
Domestic pork, outbreak-associated 
(5.6%)
Imported pork (1.3-4.4%)
Imported beef (1.1-2.9%)
Imported broilers (0.2-2.3%)
Imported turkey (0-1.6%)
Travel (39.2-41.5%)
Travel-related outbreak cases, source 
unknown (11.8%)
Domestic outbreak-related cases, 
source unknown (5.2%)
Sporadic cases, source unknown 
(16.8-23.2%)
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Where do we acquire Salmonella infections? 
By Luise Müller (lum@ssi.dk)
In 2013, as in the previous years, Statens Serum Institut attempted to interview all registered Salmonella cases where 
no travel information was reported by the general practitioner. The patients were asked about the date of disease onset 
and whether they had travelled abroad within a seven-day period prior to disease onset. This information was comple-
mented with information from general practitioners’ reports. Travel information was obtained from a total of 67.8% 
of the Salmonella cases in 2013. Among the cases with known travel history, 52.1% were infected abroad (Table 1.1). 
However, the proportion of travel-related cases varied greatly between the different serotypes hence 79.0% of the S. En-
teritidis cases, 17.5% of the S. Typhimurium cases, 32.5% of the monophasic S. 1,4,[5],12:i:- cases and 52% of cases with 
other serotypes were infected abroad. The distribution pattern of travel-related and domestically acquired Salmonella 
infections (not including outbreak related cases) was comparable to previous years (Figure 1.4).  In 2013, Turkey was 
the country where most of the travel-related cases were infected (31%) and this was mainly due to a large outbreak of S. 
Enteritidis on the south-east coast (see chapter 2). Apart from that most travel-related cases were infected in Thailand 
(13%), Egypt (8%), and Spain (6%).
cluding the outbreak related cases, around 7.0% of the 
cases both years were sporadic cases related to domestic 
pork. In 2012, a large outbreak involving domestic beef 
was responsible for around 3.0% of human cases, with an 
extra 4.1% of sporadic cases. No outbreaks from domestic 
beef were recorded in 2013, and the estimated percentage 
of sporadic cases attributed to this source decreased to 
1.8%,  while the proportion of cases attributed to imported 
beef increased from 0.9% in 2012 to 1.9%. Domestic table 
eggs were estimated to be responsible for 1.5% of human 
cases in 2013, not changing from 2012. A larger share of 
cases was attributed to imported pork, with an increase 
from 0.2% to 2.6%, due to the contribution of two main 
factors:  1) there was an increase in the observed prevalence 
of attributable Salmonella subtypes in this source, when 
compared to last year; 2) imported beef, imported pork and 
imported duck historically share some common subtypes, 
mainly S. Anatum and S. Saintpaul. However, because data 
on imported beef and imported duck was missing in 2013, 
there were fewer sources “sharing” cases with imported 
pork to compare among, which may also explain part of 
the increase in the contribution from imported pork. Im-
ported chicken and imported turkeys were estimated to be 
responsible for 1.1% and 0.6% of cases, respectively, which 
is a decrease compared to the 1.8% and 1.1% observed 
in 2012. This decrease may be explained by few subtypes 
observed in those sources, and few domestic human ca-
ses caused by those subtypes.  Since 2007, approximately 
45-50% of the human cases have been acquired abroad. 
In 2013, 592 (52%) of all human cases was travel related; 
40% was estimated to be sporadic cases and 12% was part 
of travel-related out-breaks. 
Around 20% of reported sporadic Salmonella cases 
could not be associated with any of the included food sour-
ces. These cases may be caused by imported or domestically 
produced fruits and vegetables (survey data presented in 
Appendix Table A21), food-animals not included in the 
national surveillance or by non-food sources of infection, 
such as direct contact with pet animals. The fraction ob-
served in 2013 was similar to the proportion of cases not 
attributable to sources included in the model from the last 
five years (around 15-20%).
Of the 346 reported S. Enteritidis cases, 207 (59.8%) 
reported a history of international travel and 84 (24.3%) 
were considered possible travellers. Of those, 134 (38.7% of 
all S. Enteritidis cases) were reported as part of outbreaks 
happening abroad. Since 2010, there have been no S. En-
teritidis outbreaks related to Danish products.
A total of 337 S. Typhimurium cases were re-
ported in 2013 (including the 127 cases of monophasic 
S.1,4,[5],12:i:-). Of the S. Typhimurium cases, 26.5% were 
estimated to be related to international travel and 24.9% 
were associated with five outbreaks. Among the S. Typhi-
murium outbreaks, one was a national outbreak with 43 
cases (MLVA pattern 0550) and one a local outbreak with 
21 cases involving a retail outlet (MLVA pattern 0007); 
both had domestic pork as their source. The remaining 
three outbreaks did not have a specific animal reservoir 
identified as the source (Appendix Table A4). 
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Table 1.1. Top 10 Salmonella serotypes in humans and place of infection, 2012-2013 
2013 Number of patients (%)
% patients infecteda 
Abroad   Domestically 2012  
Number of 
patients (%)
% patients infecteda 
Abroad   Domestically
Enteritidis 346 (30.5) 79.0 21.0 Enteritidis 241 (20.1) 77.0 23.0
Typhimurium 210 (18.5) 17.5 82.5 Typhimurium 223 (18.6) 20.1 79.9
Typhimurium
(monophasic)b
127 (11.2) 32.5 67.5 Typhimurium
(monophasic)b
192 (16.0) 21.7 78.3
Dublin 27 (2.4) 0 100 Dublin 50 (4.2) 0 100
Newport 27 (2.4) 62.5 37.5 Poona 28 (2.3) 26.7 73.3
Stanley 23 (2.0) 84.6 15.4 Stanley 28 (2.3) 68.4 31.6
Agona 22 (1.9) 25.0 75.0 Infantis 25 (2.1) 36.4 63.6
Infantis 22 (1.9) 42.9 57.1 Newport 24 (2.0) 62.5 37.5
Virchow 17 (1.5) 75.0 25.0 Virchow 21 (1.8) 81.3 18.8
Corvallis 13 (1.1) 87.5 12.5 Saintpaul 17 (1.4) 25.0 75.0
Other serotypes 302 (26.6) 51.1 48.9 Other serotypes 349 (29.1) 54.3 45.7
Total 1,136 (100) 52.1 47.9 Total 1,198 (100) 45.2 54.8
a) Patients with unknown travel information (32.2% of all patients in 2013 and 32.1% of all patients in 2012) were excluded from 
the percent calculations.
b) Typhimurium (monophasic) includes the Salmonella strains 1,4,[5],12:i:-.
Source: Statens Serum Institut 
Figure 1.3. Monthly distribution of S. Enteritidis, S. Typhimurium, and monophasic S. 1,4,[5],12:i:- cases, 2010-2013
Source: Statens Serum Institut
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From the 78 S. Typhimurium cases with information on 
antimicrobial resistance, which were attributed to domestic 
products in 2013, 30.9% were caused by strains susceptible 
to all tested antimicrobial agents, 66.6% by strains resistant 
to one to three antimicrobial agents, 1.3% by strains resi-
stant to four or more antimicrobial agents (multi-resistant) 
and 1.2% by strains resistant to quinolones (Figure 1.3). 
This is the first time since 2010 that quinolone-resistant 
strains are observed in human cases attributed to domestic 
food-animal reservoirs, and reflects the return of multi-
resistant strains in domestic pork, where no multi-resistant 
strains were observed in 2012. Multi-resistant strains 
were isolated from 44.4% of S. Typhimurium cases with 
information on antimicrobial resistance which have been 
attributed to imported products. This is a change from last 
year, when this profile was not observed. Cases attributed 
to imported products with resistant Salmonella strains 
increased from 46.6% to 55.6%, and no fully susceptible 
strains were observed in 2013 in those sources. From the 38 
S. Typhimurium cases acquired abroad for which resistance 
information was available, 79.3% were caused by resistant 
types, 17.2% by types susceptible to all tested antimicrobial 
agents and 3.5% by multi-resistant types. 
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Trends and sources in human salmonellosis
Molecular serotyping of Salmonella isolates 
By  Jeppe Boel (jboe@food.dtu.dk) and Charlotta Löfström 
Serotyping is the standard method for subtyping Salmonella and information about serotypes is pivotal for under-
standing the epidemiology of Salmonella. Serotyping is done by slide agglutination using specific antisera that detects 
differences on cell surface structures: Somatic (O) lipopolysaccharides and flagellar antigens (H). Some Salmonella 
strains, particularly from non-human sources, autoagglutinate (exhibit a rough phenotype) when typed by traditional 
slide agglutination. This feature is associated with the loss of the outer membrane, which changes the hydrophobicity 
of the bacteria. Therefore serotyping by agglutination cannot be performed on such isolates and this causes data gaps, 
when subtyping data is needed, e.g. for Salmonella source attribution. To overcome this obstacle, serotypes can instead 
be determined on DNA level, i.e. by determining the presence of genes encoding the O and H antigens using molecular 
serotyping. 
During 2012 a molecular DNA based serotyping method was implemented at the National Food Institute, Technical 
University of Denmark, and during 2013 this method was used as a supplement to the traditional serotyping based on 
agglutination. The DNA based molecular method detects genes mediating the corresponding O and H antigens and thus 
it is based on the White-Kauffmann-Le Minor scheme. The assay is a multiplex bead-based suspension array based on 
the Luminex xTAG technology and detects the major O groups and H antigens [1, 2]. It can directly identify the most 
important serovars of Salmonella, but in some cases there is a need to supplement the DNA based data with additional 
slide agglutination tests. DNA based molecular serotypning has proved to be a valuable tool in the routine typing of 
Salmonella, and further the method enables serotyping of rough isolates.
The possibility to serotype rough isolates was utilized in a study of rough Salmonella isolates from pig carcasses 
obtained in the national surveillance program for fresh meat. A total of 211 rough strains isolated during the period 
2005-2012 were analyzed using molecular serotypning. The typing enabled serovar identification of 168 of the strains 
(80%). The identified serotypes were Typhimurium (n=92; 44% of the 211 strains), Derby (n=40; 19%), 4,[5],12:i:- (n=22; 
10%), Infantis (n=8; 4%) and others (n=6; 3%).  Serotyping results for strains isolated during the same years from pig 
carcasses, where traditional serotyping was possible (smooth strains) (n=1,233) showed a similar serovar pattern, where 
Typhimurium (n=547; 44%), Derby (n=399; 32%) and 4,[5],12:i:- (n=72; 6%) also were the most commonly identified 
serotypes. Studies are in progress to serotype the remaining 43 rough strains that could not be typed in the first ap-
proach, using other DNA based techniques to further assess the difference in results between molecular and traditional 
serotyping. In conclusion, our preliminary data suggests that molecular serotyping of rough Salmonella strains mirror 
the serotypes obtained using traditional serotyping for smooth strains.
References
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array for molecular determination of common Salmonella serogroups. Journal of Clinical Microbiology 45 (10): 3323-3334
2. McQuiston, JR, Waters, RJ, Dinsmore, BA, Mikoleit, ML & Fields, PI (2011). Molecular determination of H antigens 
of Salmonella by use of a microsphere-based liquid array. Journal of Clinical Microbiology 49 (2): 565-573.
       Annual Report on Zoonoses in Denmark 201312
2. Food- and waterborne outbreaks 
Food- and waterborne outbreaks in Denmark are re-
ported in the Food- and waterborne Outbreak Database 
(FUD). Outbreaks that occurred in 2013 are presented in 
Appendix Table A4. Figure 2.1 shows the relative distribu-
tion of these outbreaks by the different causative agents. 
Household outbreaks and clusters that could not be verified 
as common source outbreaks are not included. The outb-
reak investigation procedures in Denmark are described in 
further detail in Chapter 10. 
In total, 73 foodborne outbreaks were reported to FUD 
in 2013 (Appendix Table A4) which is a decrease from 2012, 
where 82 food- and waterborne outbreaks were reported. 
There were no notifications of waterborne outbreaks 
in 2013. The outbreaks were mainly regional outbreaks 
(94.5%) and only four outbreaks were national outbreaks 
with patients distributed over several regions. The largest of 
these outbreaks was caused by hepatitis A virus. Compared 
to previous years an increase in travel related outbreaks 
was observed (five reported in 2013, none in 2012 and two 
outbreaks in 2011).
In total, the number of persons affected by foodborne 
outbreaks was 2,055 persons with a median of 28 persons 
per outbreak (range 2 – 425). The largest outbreak involving 
425 persons was an outbreak caused by Clostridium perfrin-
gens. All affected persons had dined at the same event, and 
the outbreak investigation conducted by the Food Control 
Office1 in Northern Jutland, pointed out patty shells with 
sauce containing hen meat and asparagus as the source of 
infection (FUD1325). As in previous years norovirus (NoV) 
was the most frequent cause of foodborne outbreaks (28 
outbreaks) and in total, 655 persons were affected by NoV 
outbreaks. The transmissions routes of NoV causing food-
borne outbreaks are multiple. In Table 2.1 a breakdown of 
the number of outbreaks and the persons affected per route 
of infection for 2013 is shown. From the data it is evident 
that the most common ways of infection was contamina-
tion from either an ill dining guest attending a buffet and 
thereby contaminating the buffet (cutlery or food items) or 
a member of the kitchen staff contaminating the food. Less 
often the infection originated from contaminated ready-to-
eat products like oysters and frozen berries.
In 2013 Clostridium perfringens was more frequently 
associated with foodborne outbreaks than in previous 
years. In total, 16 outbreaks of C. perfringens affecting a 
Figure 2.1. Aetiology of the 73 foodborne disease outbreaks reported with a causative agent in the Food- and water-
borne Outbreak Database (FUD), 2013 . Percentage of total outbreaks indicated in brackets 
By the Central outbreak management group
Source: Food- and waterborne Outbreak Database (FUD)
______________________________________________________________________________________________________
1. The Danish Veterinary and Food Administration (DVFA) is one authority but operates from more locations throughout the 
country. To be able to distinguish the locations the terms DVFA is used synonymous with the location in Glostrup and Food Con-
trol Office (FCO) synonymous with the location in question
Several agents (1.4%)
Clostridium perifringens (21.9%)
Campylobacter (2.7%)
Bacillus cereus (11.0%)
Lectines (6.8%)
Shigella sonnei (1.4%)
Norovirus (38.4%)
Hepatitis A virus (2.7%) S. Typhimurium (6.8%)
Other Salmonella serotypes (4.1%)
Staphylococcus aureus (2.7%)
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This was supported by the trace-back investigation of the 
meat. No food items were available for testing, but several 
of the possibly implicated swine herds were reported to 
have had Salmonella seropositive responses at the time of 
the outbreak, although none were known to be positive 
with the epistrain; MLVA type 0007. Furthermore, MLVA 
type 0007 was not identified by MLVA-typing of selected 
S. Typhimurium ASSu isolates from pig slaughterhouses 
obtained in the same period. 
The second outbreak was caused by S. Typhimu-
rium U312 MLVA type 0550 fully sensitive to antibiotics 
(FUD1254). A total of 43 patients were reported from 
January to May 2013. The patients were 24 females and 19 
males aged 0-94 years (median age 51 years). The patients 
were from all over Denmark. Interviews pointed at pork 
meat as the possible source. Fully sensitive S. Typhimurium 
isolates from the Salmonella surveillance and control of 
food and animals in Denmark were selected for MLVA 
typing. Thirty-two isolates mainly from October 2012 to 
January 2013 and mainly from pig slaughterhouses or 
pork samples were typed by MLVA. The outbreak MLVA 
type was detected in two isolates from pork isolated during 
January 2013. The isolates were from a medium-sized pig 
slaughterhouse and from a cutting plant receiving meat 
among others from the above-mentioned slaughterhouse, 
however it was not possible to explain all patients from this 
source and no final conclusions could be made of the origin 
of the meat, although a strong indication towards the source 
being a pork product was obtained.
Nordic hepatitis A outbreak 
In February 2013, Statens Serum Institut saw an increase 
in the number of domestically acquired hepatitis A cases 
(FUD1259) [1-4]. The cases were geographically distributed 
all over the country and did not belong to any of the known 
risk groups (drug users, men having sex with men, homeless 
people and travellers to endemic countries). Subtyping of 
the hepatitis A virus (HAV) showed that the majority of 
cases were genotype 1B with two closely related sequences 
indicating a common foodborne source. After extensive 
total of 753 persons were reported in 2013, compared to 
eight and seven outbreaks caused by this agent in 2012 and 
2011, respectively. 
When dividing the outbreaks into reported settings, 
“Restaurants, cafés and bars” was the most frequent setting 
(46.6%) with  34 reported outbreaks affecting 984 persons 
(mean: 29 persons per outbreak). Outbreaks taking place in 
workplace canteens (10 outbreaks) also affected a high num-
ber of persons (327 persons) and on average had slightly 
more persons per outbreak than ”Restaurant, café and bar 
outbreaks” (mean: 33 persons per outbreak). Composite 
meals (25) and buffet meals (25) were the most frequently 
reported source of outbreaks in 2013 and most often these 
outbreaks were associated with NoV and C. perfringens 
(Appendix Table A4).
Outbreaks with Salmonella
In 2013, nine Salmonella outbreaks were reported in 
FUD, where three of these outbreaks were related to persons 
travelling abroad. Five domestically acquired outbreaks of 
S. Typhimurium and one outbreak of S. Mikawasima were 
reported. Two of the national outbreaks of S. Typhimurium 
were suspected to have been caused by Danish produced 
pork. The first one was an outbreak of S. Typhimurium 
MLVA type 0007 with a resistance pattern rarely seen for 
this MLVA type; Ampicillin, Streptomycin and Sulfamet-
hoxazole (ASSu) (FUD1245) and was a continuation of an 
outbreak with 15 patients already reported in 2012. Further 
investigation was initiated and the patients were intervie-
wed. In total, 21 patients were identified with date of onset 
of illness from November 2012 to April 2013. The patients 
were 11 females and 10 males aged 1-82 years (median 53 
years). The majority of patients lived in the eastern part of 
Denmark, primarily on the island of Falster. This outbreak 
was severe as several patients were hospitalised and two 
patients – aged 71 and 79 years - died within three weeks 
after the infection. However, it was not possible to establish 
whether the Salmonella infection was the cause of death. Re-
sults of interviews with the patients indicated that the source 
of the outbreak was pork meat from a specific butcher shop. 
Table 2.1. Norovirus outbreaks in 2013 per route of transmission based on number of cases or number of outbreaks
Transmission route/source No. of outbreaks No. of persons ill
Ill kitchen staff or healthy carrier of virus among kitchen staff 9 226
Kitchen staff tending to ill persons at home before entering the kitchen 5 129
Ill person/guest attending a buffet 10 261
Seafood (oysters) 3 27
Frozen raspberries 1 12
Norovirus in total 28 655
Source: Food- and waterborne Outbreak Database (FUD)
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interviews with the initial cases, a case-control study was 
performed pointing out frozen berries and strawberries in 
particular – used without heat treatment in e.g. desserts 
and smoothies - as the most likely source of the outbreak. 
The Danish Veterinary and Food Administration then 
issued recommendations to heat treat all frozen berries 
before consumption. An international inquiry revealed 
that cases had also been reported in Norway, Sweden and 
Finland. Case-control studies were performed in these 
countries and a joint analysis of the results pointed out 
frozen strawberries to be the source of infection. In total 
117 cases were identified with date of onset from October 
to November 2013 (Figure 2.2). The majority of cases was 
from Denmark where 72 cases were registered from Octo-
ber 2012 to August 2013. Of these 43 (60%) were females 
and 29 (40%) were males. Cases were 2-81 years old with 
the median age of 22 years. Seven cases were considered to 
be secondary cases. Norway reported 7 cases, Sweden 22 
cases and Finland 16 cases.
An extensive food source trace-back investigation in-
volving all four countries was performed. The investigation 
was performed using purchase data collected from patients 
(receipts) and where possible, information on purchase of 
berries was obtained by using the supermarkets data on 
exact purchase by patient credit cards. Information from 
the packages of berries and fruit sampled for virological 
testing was also included in the investigation. This informa-
tion pointed at frozen strawberries provided by a specific 
packaging establishment in Belgium. Presented with this 
information, the supermarket chain retailing the product in 
Figure 2.2. Hepatitis A cases by month of symptom onseta and country, n=117
a. When date of symptom onset is unknown, date of diagnosis has been used or thirdly date of testing or fourthly date of hospitali-
sation or date of notification
Source: Statens Serum Institut
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Outbreaks of special interest
Denmark made a voluntary recall of this product. Further 
trace-back investigation performed by the Danish Vete-
rinary and Food Administration in cooperation with the 
supermarket chain and the Belgian establishment narrowed 
the possible vehicles down to strawberries most probably 
originating from either Morocco or Egypt, and from the 
harvest year 2012. In all, 57 samples of frozen berries and 
frozen mango fruit were tested (20 from Denmark, 14 from 
Finland, 11 from Sweden, 12 from Norway). The samples 
were collected in the patients’ homes and from retail shops 
identified during the investigation. The National Food 
Institute, Technical University of Denmark investigated 
the Danish and Finnish samples. Unfortunately, it was 
not possible to detect hepatitis A virus in any of the tested 
samples. There might be several explanations for that, in-
cluding uneven distribution of virus in berries, limitations 
in method sensitivity, or simply because the bags tested did 
not contain the virus. In conclusion, this outbreak was a 
very large and long-lasting challenge involving both inter-
disciplinary collaboration between public health institutes, 
laboratories and food authorities, and also a good example 
of international collaboration and collaboration with the 
establishments involved in the trade of frozen berries.
Outbreaks at tourist destinations
In 2013, several outbreaks at tourist destinations in-
volving Danish travellers were reported. In the period 
from June to October 2013 an increased number of S. En-
teritidis cases with six specific subtypes were seen among 
Danish travellers (FUD1290) [4]. In total, 121 cases were 
registered and 88 of these were known to have visited Tur-
key during onset or just prior to disease onset. In compa-
rison, during the previous years´ summer peaks (June to 
September) 29-37 travel-related S. Enteritidis cases from 
Turkey were reported annually in 2010-12. Interviews 
with the cases showed that they had stayed in different ho-
tels and different towns – primarily at the south-east coast 
of Turkey, so there was no common place of exposure. 
The interviews showed that cases mainly had booked all-
inclusive stays (73%). The interviews also showed that half 
of the cases had eaten eggs during their stay and since con-
sumption of eggs is considered to be the main risk factor 
for S. Enteritidis infection, this was the main hypothesis of 
the source – however, it was not possible to confirm this.
In the end of July 2013 an outbreak of gastroenteritis 
among children from four Nordic countries staying at the 
same hotel in Turkey was reported (FUD 1302) [5]. A total 
of 61 laboratory confirmed cases were reported from Nor-
way (23), Sweden (27), Finland (3) and Denmark (8). The 
laboratory results showed a mix of S. Enteritidis, Shigella 
sonnei and Verotoxin producing Escherichia coli (VTEC). 
A cohort study in Norway pointed out slush-ice as the 
most likely source of infection.
An international outbreak was seen from November 
2012 – April 2013 with hepatitis A virus (HAV) in tra-
vellers returning from Egypt (FUD 1277) [6]. In total, 15 
confirmed cases of HAV infections with genotype 1B and 
identical RNA sequence of which 9 were identified in Den-
mark, and 89 probable cases, were reported in 14 other 
EU/EFTA countries. All 104 cases had been travelling to 
Egypt. An international case-control study was conducted. 
It was not possible to identify the source of the outbreak; 
however, the results indicated that consumption of straw-
berries or mango fruit could have been involved [7].
In October 2013, a Danish travel agency informed 
about an outbreak from a specific hotel in Tunisia (FUD 
1307). Further investigation identified five cases in the Da-
nish surveillance system with Shigella sonnei infection and 
travel to Tunisia. In comparison 0 -1 case have been re-
ported each year from 2009-2012. Interviews with four of 
the five cases showed that they had stayed at the same hotel 
during the first two weeks in August 2013. Three patients 
had not been eating outside the hotel. An international in-
quiry did not reveal cases from other countries.
Outbreaks implicating Danish tourists in other countries 
are difficult to investigate and it was not possible to con-
firm the sources of any of the above-mentioned outbreaks. 
However, for several of the outbreaks the Danish tourists 
have stayed at resorts and have only eaten at the hotels and 
it is likely that these places are not perceived as risk areas. 
Efforts should be made to make tourists aware of the risks 
and preventive measures such as taking general hygiene 
precautions even when staying at closed resorts with all 
inclusive, and getting vaccinated against HAV when tra-
velling to endemic areas.
References
1. Statens Serum Institut (2013). EPI-NEWS, week 22.
2. Statens Serum Institut (2013). EPI-NEWS, week 48.
3. Lassen SG, et al. (2013). Ongoing multi-strain food-
borne hepatitis A outbreak with frozen berries as suspected 
vehicle: four Nordic countries affected, October 2012 to 
April 2013. Euro Surveillance 2013 18(17).
4. Nordic outbreak investigation team (2013). Joint 
analysis by the Nordic countries of a hepatitis A outbreak, 
October 2012 to June 2013: frozen strawberries suspected. 
Euro Surveillance 18(27) .
5. Statens Serum Institut (2013). EPI-NEWS, week 38
6. MacDonald E, et al. (2013). Increase in hepatitis A 
in tourists from Denmark, England, Germany, the Nether-
lands, Norway and Sweden returning from Egypt, Novem-
ber 2012 to March 2013 Euro Surveillance 18(17).
7. Sane J, Et al. (2014). Multistate foodborne hepatitis 
A outbreak among tourists returning from Egypt – need  
for reinforced vaccination recommendations. Submitted 
for Euro Surveillance, February 2014.
  
Food- and waterborne outbreaks
       Annual Report on Zoonoses in Denmark 201316
In recent years, new DNA-sequencing techniques have 
been developed and made available for easy and fairly 
cheap sequencing of bacterial genomes. These post-‘Sanger’ 
sequencing techniques are commonly referred to as ‘next-
generation-sequencing’ (NGS). NGS includes sequencing 
technologies that have high sequence capacity, but pro-
duce short sequences (e.g. as developed by Illumina and 
IonTorrent), which is compensated for by high sequence 
coverage (Figure 3.1). This technological development has 
dramatically reduced the cost of determining the com-
plete, or nearly complete, genetic information for bacterial 
isolates. The technology and price will in the near future 
allow reference laboratories to implement whole genome 
sequencing (WGS) for typing of bacterial isolates as a re-
placement or complement to the conventional phenotypic 
and molecular typing methods. 
The use of WGS for epidemiological purposes, such 
as routine surveillance and outbreak investigations, rely 
on the analysis of the large amount of data produced. 
Presently, there are two main approaches for analysing 
data, the mapping of sequence reads to a reference and “de 
novo” assembly (without a reference). These approaches 
can be used independently or in combination. The se-
quences from different bacterial isolates can be compared 
to each other directly e.g. by identifying single-nucleotide 
polymorphisms (SNPs) compared to a reference or gene-
by-gene comparisons across assembled genomes. Conven-
tional typing information can also be extracted. Currently, 
the analytical approaches are still under development and 
no international standards have been decided on for com-
paring bacterial isolates based on WGS data. 
In the last two years, the use of WGS of foodborne bac-
teria has been under development at Statens Serum Institut 
and the National Food Institute, Technical University of 
Denmark, for epidemiological purposes. At both institutes, 
WGS has been used for several outbreak investigations in 
2012-2013 and WGS was tested for the routine surveillance 
of VTEC infections for a 3-months period in 2012 [1]. 
Furthermore, Statens Serum Institut implemented WGS 
for the continuous surveillance of listeriosis in 2013. The 
analytical approaches used for the routine surveillance 
might be markedly different from the approach used in 
outbreak situations where a limited number of closely 
related isolates are compared, e.g. by SNP-based analysis.
Surveillance of listeriosis
The surveillance of listeriosis cases in Denmark is based 
on the ‘real-time’ typing of isolates from all human infec-
tions. The regional clinical laboratories submit the isolates 
to Statens Serum Institut where typing is performed and 
used for early detection of outbreaks and the surveillance 
of trends over time. For the past ten years, isolates have 
been typed by pulsed-field gel electrophoresis (PFGE) 
(Annual report on Zoonoses 2011). Although PFGE with 
two restriction enzymes is internationally standardized and 
gives a good discrimination for typing of Listeria, PFGE 
is relatively labour-intensive to perform on a few isolates 
at a time and PFGE-profiles can generally be difficult to 
interpret and compare. As replacement of PFGE and other 
characterisation methods used for Listeria isolates, Statens 
Serum Institut implemented WGS for surveillance of li-
steriosis in 2013. The incoming isolates are sequenced on 
a weekly basis and the aim of the developed pipeline and 
the analytical approach is to obtain a clear indication of any 
related isolates and thereby potential outbreaks by an easy 
and fast analysis. The new isolates should be compared to 
older isolates in the database without re-analysis of these. 
Therefore, the analysis is based on extracting the genes 
from the multiple-locus sequence typing (MLST) method, 
which has an international standard nomenclature [2]. 
Only in the situations where isolates with the same MLST 
type are identified within a few months, a SNP-based ana-
lysis is performed to directly compare the relevant isolates. 
This algorithm for analysis was developed and validated 
based on the knowledge obtained from analysing repre-
sentative isolates from the previous ten years’ surveillance, 
including isolates with known epidemiological links. 
In 2013, 50 cases of listeriosis were registered. In con-
cordance with the PFGE-based surveillance, WGS showed 
that the majority of isolates were from sporadic cases. 
However, five clusters of two to four isolates each were iden-
tified. Within these clusters, isolates had the same MLST 
profile and had less than 10 SNP differences. One cluster 
seemed to be linked to a specific hospital, but otherwise 
it was not possible to find a common source of infection 
or any other link between the patients. Epidemiological 
investigations of Listeria cases are often quite difficult due 
to the long incubation period, the high mortality rate and 
the fact that Listeria cases are often very old and suffer 
from underlying diseases. 
WGS is a cost-efficient method for typing if used as the 
only laboratory method, i.e. if the hitherto used methods 
(serotyping and PFGE) are discontinued. As always when 
shifting laboratory methods, this can give problems with 
comparability between laboratories and countries in a tran-
sient period. Statens Serum Institut has implemented WGS 
3. Whole genome sequencing 
By Mia Torpdahl (mtd@ssi.dk), Charlotta Löfström and Eva Møller Nielsen
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Figure 3.1. Principles of next generation short read sequencing
for typing of Listeria isolates from human cases of infection 
before national or international systems for exchange of 
WGS-typing data is available. However, the principle of 
extracting the seven MLST loci with an established no-
menclature from the NGS raw data (possible extended with 
more loci in the future) gives optimal conditions for easy 
exchange of typing results, as the results are independent 
of the bioinformatics tools used in each laboratory, e.g. for 
assembly and SNP-calling.  
However, PFGE is the standard method for Listeria 
typing in Europe – for typing of human isolates as well 
as food isolates – a PFGE profile will still be produced for 
outbreak isolates for national and international compari-
son, including upload to ECDC’s Molecular Surveillance 
System. 
WGS for Salmonella cluster investigations 
The national surveillance of human Salmonella cases 
is based on the ‘real-time’ typing of isolates from human 
infections by serotyping of all isolates, multiple-locus varia-
ble number of tandem repeats analysis (MLVA) of the two 
most frequent serotypes (Enteritidis and Typhimurium, 
including the monophasic variant) and PFGE of other 
serotypes. Results are used for cluster analysis, outbreak 
investigations, comparison with food and animal isolates 
as well as making international inquiries. There are some 
interpretative implications that have to be considered when 
using PFGE in outbreak investigations, e.g. the significance 
of minor band differences when defining clusters within 
different Salmonella serotypes. In 2013, Statens Serum 
Institut investigated the use of WGS for cluster detection 
and analysis of Salmonella. The incoming isolates were 
screened for clusters based on serotype and when potential 
outbreaks emerged, isolates were selected for sequencing. 
Two clusters appearing in the autumn were investigated 
using WGS, one being the rare serotype Mikawasima and 
the other the more prevalent serotype Agona (Figure 3.2). 
Mikawasima isolates from patients in 2012 (6 isolates) 
and 2013 (12 isolates) were analysed by WGS and PFGE. 
The 11 isolates from October and November 2013 clustered 
together by both methods. Analysis of WGS data showed 
that the isolates in this cluster had no SNP differences, 
whereas all other isolates clustered into several groups 
more than 70 SNPs apart (Figure 3.3). The cluster isolates 
displayed the same unique PFGE profile although the 
profiles found in Mikawasima isolates generally showed 
high similarity (Figure 3.3). The data indicate that the 
increase in Mikawasima seen in October and November 
2013 was an outbreak. It also showed another cluster from 
2012 consisting of 3 cases. The SNP tree and the PFGE 
data showed a high degree of concordance, although the 
sequence data had a higher resolution in comparison to 
Source: Statens Serum Institut
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Figure 3.2. Prevalence of Salmonella serotypes Agona and Mikawasima in 2012 and 2013
the few band differences seen with PFGE. 
The 16 S. Agona isolates received from February to 
November 2013 were analysed by PFGE and WGS. Both 
PFGE and WGS data identified the same 8 isolates received 
during August to November as being part of an outbreak. 
However, WGS data had a higher resolution and separated 
isolates with indistinguishable PFGE profile in correlation 
with age group and date of isolations, indicating a unique 
epidemiological relationship among these isolates.  
WGS has also been evaluated as a tool to compare 
Salmonella isolated from humans and foods in outbreak 
investigations and to investigate the plausibility of sharing 
data and results between the laboratories at Statens Serum 
Institut and the National Food Institute, Technical Uni-
versity of Denmark. One example is an outbreak in 2012 
where seven patients were infected with S. Bareilly with an 
identical PFGE profile. Patient interviews traced the source 
to unidentified food served at a specific restaurant [3]. At 
the same time four broiler flocks were tested positive for 
S. Bareilly. PFGE profiles from the veterinary and human 
isolates were found to differ by two bands. WGS results 
showed that the broiler and human isolates belonged to 
the same MLST type and that they were divided into two 
closely related groups based on SNPs. It was concluded 
that there was a close common ancestor of the two isolate 
groups, but that the broiler flock did not seem to have been 
the direct source of the human outbreak [4]. Although the 
same conclusion was drawn based on PFGE and WGS data, 
a more precise determination of the relationship between 
isolates was obtained using WGS thereby contributing to 
the conclusions of the outbreak investigation.
From these first and very promising uses of WGS 
analysis for cluster investigations on human Salmonella 
infections and outbreak investigations of food and human 
isolates, we therefore conclude that WGS is a highly sen-
sitive method that will contribute tremendously in cluster 
detection and outbreak investigations. Over the next few 
years it is the goal at Statens Serum Institut to replace the 
current flow of different subtyping schemes in Salmonella 
with one method and therefore implement WGS for Sal-
monella for the national human surveillance. 
At the National Food Institute, WGS is planned to 
be implemented within a few years’ time and used as a 
complement or to replace existing typing methods. In line 
with this, a PhD project was initiated in 2013 aiming at 
evaluating different approaches suitable for application of 
WGS in a routine laboratory setting. In this project cases 
related to outbreak investigations will first be investigated 
and thereafter, using the experiences gained, strategies for 
applying WGS for surveillance of e.g. Salmonella will be 
investigated.  During this process it will be important to 
harmonize the protocols used in order to assure that data 
can easily be exchanged between SSI and DTU, e.g. in joint 
outbreak investigations.
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WGS for the future surveillance of foodborne 
infections/zoonoses in DK
The vision for implementing WGS in reference laboratories 
is that analysis of WGS-data can replace the multitude of 
different methodologies presently used for characterisation 
of bacterial isolates, e.g. serotyping, PCR/Sanger sequen-
cing for determining virulence factors and antimicrobial 
resistance genes, antimicrobial resistance profiling, and 
molecular typing methods for high discriminatory typing. 
If the relevant information can be extracted from WGS 
data, it will be cost-effective to replace the conventional 
methods by routine WGS in the surveillance of foodborne 
infections. Statens Serum Institut and the National Food 
Institute, Technical University of Denmark are working 
on further developing and implementing WGS for cha-
racterisation of foodborne pathogens such as verotoxin-
producing E. coli, Salmonella, Listeria and Campylobacter. 
The great benefits of WGS will be achieved when tools 
are developed for extracting key conventional typing 
information, primarily the serotype of Salmonella and 
E. coli. Conventional serotyping has formed the primary 
categorization of these organisms for decades and it can be 
anticipated that serotype information will still be impor-
tant for a period of several years to come. This will allow the 
discontinuation of conventional serotyping in laboratories 
performing WGS as they will still be able to compare to 
laboratories only performing the conventional serotyping. 
In contrast, it is less likely that backwards comparability is 
feasible and important for typing methods like PFGE. To 
enable sharing of data between different laboratories, it is 
important to assure that harmonized protocols are applied.
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4. Relative human risk of 
Salmonella Enteritidis in table 
eggs in Denmark 
By Helle Korsgaard (hkor@food.dtu.dk), Tina Struve, Tine Hald and Håkan Vigre
Since 1980, the use of raw (unpasteurised) eggs in 
dishes that are not thoroughly heat treated has not been 
permitted in restaurants, canteens and other public food 
handling businesses in Denmark. Since the late-1990s 
consumers have also been advised to avoid using raw eggs 
in dishes that are not heat treated, such as certain desserts 
and cakes.
In  Denmark, laying hen flocks are tested intensively for 
Salmonella and when a flock is found positive, eggs from 
this flock are subjected to heat treatment. However, eggs 
from infected flocks can reach the retail market as table 
eggs during the period between the time of infection and 
when the routine testing reveals the Salmonella infection. 
The last two decades of intensive Salmonella control 
and eradication programs in the Danish table egg pro-
duction have been highly successful, and in the last ten 
years only few flocks have been found Salmonella positive 
(Appendix Table A6). 
In order to evaluate the effect of the possible abolish-
ment of the warning against the use of raw eggs in dishes 
eaten without heat treatment, the Danish Veterinary and 
Food  Administration asked The National Food Institute, 
Technical University of Denmark, to estimate the relative 
risk of salmonellosis resulting from increased use of raw 
eggs by consumers. The relative human risk was to be esti-
mated for the current testing intensity (every 9th week) and 
for a more intensive program with testing every 2nd week.
 In Denmark, most of the table eggs available at retail 
are domestically produced (97% in 2008-2010). The rest is 
primarily imported from Sweden and Finland where the 
occurrence of Salmonella in poultry is very low. A second 
question from the Danish Veterinary and Food Admini-
stration was to estimate the changes in relative human 
risk, if imported eggs available for consumption were to 
originate from other EU Member states with higher levels 
of Salmonella among laying hen flocks.
Risk modelling
To answer the questions, a probabilistic simulation 
model was set up to describe the infection dynamics of 
Salmonella during table egg production. In the model, 
the Danish consumer’s risk of purchasing contaminated 
table eggs depends not only on the risk of introduction 
of Salmonella into a laying hen flock, but also on how fast 
the infection spreads within the flock, the total number 
of eggs produced and the frequency and sensitivity of the 
routine testing.
The Danish Salmonella source account (chapter 1) 
shows that domestically acquired human infections attri-
buted to table eggs are primarily caused by S. Enteritidis, 
even though other serotypes such as S. Typhimurium are 
also detected in Danish flocks of laying hens. Therefore, 
it was decided that the model only should include intro-
duction and spread of S. Enteritidis.
Proportion of eggs produced by infected birds
On average 0.8% of the laying hen flocks tested in 
2008-2010 were found positive for S. Enteritidis by the 
Danish control program (testing every 9th week), and the 
model predicts that 0.03% of the Danish table eggs reaching 
retail were produced by infected birds. In comparison, the 
model predicts that sampling every 15th week would have 
increased the proportion of Danish eggs produced by 
infected birds reaching the market by a factor of almost 
two, whereas a more intensive routine testing (every 2nd 
week) would have reduced the proportion to a fifth. Please 
note that the model predict number of eggs produced by 
infected birds, not the number of contaminated eggs.
In 2013, S. Enteritidis was detected in one of 373 laying 
hen flocks (0.3%). In October 2013, the routine testing of 
Danish laying hen flocks changed from every 9th week to 
every 2nd week. Assuming the same risk of infection per 
flock every day during 2013, the model estimates that 
during the first nine months (testing every 9th week) an 
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The relative human risk is calculated as: 
RRscenario=Riskscenario/ Riskbaseline
where the ‘Risk’ is the estimated mean proportion of 
table eggs available at retail produced by infected birds. 
By assuming the same proportion of S. Enteritidis conta-
minated table eggs in all scenarios, the estimated relative 
human risks are independent of the actual proportion of 
contaminated table eggs produced by the infected birds 
as well as the actual numbers of human cases caused by S. 
Enteritidis contaminated eggs.
It is unknown how frequently raw eggs are used in non-
heat treated dishes in Denmark, both with and without 
the authorities warning against such use. Therefore, the 
relative human risk for Danish consumers is estimated 
assuming 1%, 2% and 5% of the table eggs is consumed 
without heat treatment.
Figure 4.1. Relative human riska of S. Enteritidis infection for selected scenariosb, assuming 1%, 2% or 5% of the table 
eggs are consumed in non-heat treated dishes
estimated 0.014% of the Danish eggs were produced by 
infected birds compared to an estimated 0.003% during 
the last three months (testing every 2nd week).
Estimating the relative human risk
To simplify the model, we assume there is a direct cor-
relation between the number of human S. Enteritidis cases 
caused by consuming raw table eggs in non-heat treated 
dishes and the proportion of table eggs on the retail market 
produced by infected birds, given that: 
•	 The proportion of contaminated eggs produced by the 
infected birds is the same in all scenarios.
•	 One table egg equals one portion consumed by one 
person.
•	 Infection of one or more persons due to cross conta-
mination is not considered. 
a) Relative human risk for scenariox = Riskx / Riskbaseline , where the risk is the ‘mean proportion of table eggs available at retail 
produced by infected birds’, when 97% of the table eggs originate from Danish laying hen flocks and 3% is imported from other EU 
Member States (MS)
b) Scenarios where the model varies: the proportion of Danish laying hen flocks infected with S. Enteritidis as observed in 2008-2010 
(0.7 %) and in 2013 (0.3 %), the proportion of S. Enteritidis infected laying hen flocks in other EU Member States (lower = 0.07 %, 
medium = 1.4 % or higher =  2.8 % infected flocks), and interval of routine testing of every 2, 9 or 15 weeks.
Source: National Food Institute
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 A baseline scenario, set to the value of 1, is estimated 
assuming:
•	 1% of the table eggs are consumed in non-heat treated 
dishes.
•	 97% of the eggs originate from Danish laying hen 
flocks tested every 9th week during 2008-2010.
•	 The remaining 3% originate from EU Member States 
with low levels of S. Enteritidis among laying hen 
flocks (0.07% positive flocks) tested every 15th week.
Results
Figure 4.1 presents the estimated relative human risks 
for the baseline scenario (set to 1) and the alternative 
scenarios where the imported table eggs originate from 
flocks in EU Member States with higher levels of Salmo-
nella among the laying hen flocks (1.4% and 2.8% positive 
flocks). Even though only 3% of the table eggs are assumed 
to be imported, the relative human risk increases by a fac-
tor of 1.1, if the imported eggs originate in EU Member 
States where S. Enteritidis in layer flocks is detected twice 
as often as the average in Denmark during 2008-2010. If 
the consumption of raw eggs in non-heat treated dishes 
also doubles, the relative risk increases by a factor of 2.4.
The proportion of S. Enteritidis infected laying hen 
flocks in Denmark was lower in 2013 (0.3%) compared to 
2008-2010 (0.7%), and flocks were tested every 9th week 
until October 2013 and every 2nd week thereafter. Compa-
red with the baseline situation in 2008-2010, the relative 
human risk was reduced to 0.4 during the first months in 
2013 and to 0.1 during the last months of 2013, assuming 
3% of the table eggs available at retail were import from 
EU Member states with low S. Enteritidis occurrence 
(Figure 4.1.). 
When the proportion of eggs produced by S. Enteritidis 
infected birds in Denmark is as low as estimated for the 
last months of 2013, the contribution of S. Enteritidis from 
imported eggs becomes increasingly important. If 3% of the 
eggs were imported from an EU Member State with higher 
occurrence of S. Enteritidis (2.8% infected flocks), the 
relative human risk would more than double (Figure  4.1). 
Conclusion
In response to the questions raised by the Danish Ve-
terinary and Food Administration, it must be concluded 
that as long as there are Salmonella positive table egg laying 
hen flocks in Denmark and in the countries from where 
we import table eggs for direct consumption, there is a risk 
of salmonellosis when consuming raw eggs in dishes that 
are not heat-treated. Therefore it must be expected that not 
warning consumers against the use of raw eggs in non-heat 
treated dishes may lead to an increased consumption of raw 
eggs and therefore an increased human risk.
Contaminated eggs will be produced in the period 
between infection of the flock and until detection of the 
contaminated flock. Increasing the frequency of routine 
testing of the Danish laying hen flocks in 2013 from every 
9th to every 2nd week decreased the relative human risk by 
approximately a factor 5.
 In order to be able to evaluate effects of changes in 
consumers’ use of raw table eggs as well as changes in 
import, the Danish Veterinary and Food Administration 
was provided with a an Excel tool, giving outputs on the 
form similar to Figure 4.1. The proportion of eggs imported 
from different EU Member States can be entered, and then 
the tool will calculate the weighted mean proportion of 
eggs produced by infected birds available for the Danish 
consumers as well as the relative human risk.
Relative human risk of Salmonella Enteritidis in table eggs in Denmark
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In 1997, the number of people suffering from salmonellosis due to the consumption of table eggs was an estimated 
3.000, the highest number ever in Denmark. As a consequence the Danish Veterinary and Food Administration intro-
duced a recommendation to consumers about using pasteurised egg products in dishes consumed without prior heat 
treatment. A requirement for food businesses to heat treat dishes containing raw eggs, alternatively to use pasteurised 
egg products was already in place in the legislation. The following years Denmark made a huge and successful effort to 
reduce the occurrence of Salmonella in the table egg production. As a result of the low prevalence of Salmonella  achieved, 
in 2007 Denmark applied to the EU for special guarantees for Salmonella in table eggs [1], a position attained by Sweden 
and Finland at the time of their accession into the EU in 1995. In July 2012, special guarantees for Salmonella in table 
eggs were granted to Denmark [2]. This was an acceptance of Danish eggs being as safe as eggs produced in Sweden 
and Finland. The Danish Veterinary and Food Administration therefore found it necessary to reconsider the current 
legal requirements for heat treatment of eggs in food businesses and the recommendations to consumers. In order to 
make the right decision the Danish Veterinary and Food Administration asked the National Food Institute, Technical 
Univeristy of Denmark, to provide advice on the consequences in relation to human health, if the legal requirement 
and consumer recommendation were repealed. 
In October 2013, the Danish Veterinary and Food Administration abolished the recommendation to consumers 
on using pasteurised eggs in dishes that are not heat treated.  As eggs are biological products it is not possible to give a 
100% guarantee that all eggs are free from Salmonella. In order to be on the safe side, the Danish Veterinary and Food 
Administration still recommend the use of pasteurised eggs, if the dishes are meant for vulnerable consumers like the 
elderly, the immunosuppressed or children.  
The requirement for food businesses to heat treat dishes containing raw eggs, alternatively to use pasteurised eggs 
was maintained. The rationale was that the use of imported eggs is common in the catering sector and these eggs do not 
necessarily have the same level of safety as eggs produced in Denmark. Also, if a restaurant or a cafeteria serves dishes 
with raw eggs, the consumer is not necessarily aware of this choice. Consequently the consumer cannot himself make 
the choice of whether to eat dishes containing raw eggs or not.  Finally, hospitals and homes for elderly serve meals 
for vulnerable groups where the use of a contaminated egg could have fatal consequences. The Danish Veterinary and 
Food Administration will follow the situation closely, including the number of human cases of salmonellosis from table 
eggs, and after a period the legal requirement for heat treatment of raw eggs in food businesses will be reconsidered. 
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New initiatives on Salmonella in table eggs
By Annette Perge (ape@fvst.dk)
Relative human risk of Salmonella Enteritidis in table eggs in Denmark
       Annual Report on Zoonoses in Denmark 201324
5. Salmonella Dublin in cattle
By Erik Rattenborg (era@vfl.dk) and Gudrun Sandø
Salmonella enterica subspecies enterica serovar Dublin 
(S. Dublin) is a foodborne zoonotic bacteria that can cause 
severe invasive manifestations in humans [1] and in cattle. 
S. Dublin is to a high degree host-adapted to cattle, and 
it can cause both welfare and economic losses in infected 
herds.
In 2002, a national surveillance programme for S. Dub-
lin was initiated in Denmark. The main purposes were to 
monitor the national and regional prevalences in the cattle 
population over time and to provide farmers with a tool 
to protect their herds against introduction of S. Dublin. 
Subsequently all Danish cattle herds are classified into one 
of three levels of infection based on repeated antibody mea-
surements in bulk tank milk, individual blood sampling, 
bacteriological cultivation of herds with clinical outbreaks 
of salmonellosis and cattle trade patterns (Table 5.1).
The programme is administered by the Knowledge 
Centre for Agriculture, Cattle and controlled by the Danish 
Veterinary and Food Administration.
The programme rapidly had an effect on trade beha-
viour among cattle farmers. Within the first six months 
after initiation of the programme, the trading pattern sta-
bilized, i.e. animals purchased into Level 1 herds decreased 
from random to only 2-3% of animals purchased from 
Level 2 herds. This was followed by an economical effect, 
i.e. the market price of live animals from a herd in Level 
1 became considerably higher than animals from Level 2.
Development in infection levels
Since the beginning of the programme, the trend in 
the proportion of Level 2 herds has been decreasing. Ini-
tially the main driver probably was the change in trading 
behaviour mentioned above [2]. The decreasing trend has 
not been equal in different  types of production (Figure 5.1 
and 5.2) and different geographical areas.
In Figure 5.1 the development of the proportion of 
Level 2 herds is shown for dairy herds and non-dairy herds 
(all other production types). In Figure 5.2 the trends of the 
non-dairy herds are specified according to production type.
The motivation for control of the infection within the 
herds has differed depending on the production type and 
geographical area. For dairy herds the motivation has been 
high from the beginning because of the difference in mar-
ket value of live animals. Among slaughter calf producers 
the motivation initially was lower because they buy the 
calves from several dairy herds and continuously received 
infected calves (Figure 5.2). As these producers do not sell 
live animals, no economic consequence was imposed on 
them. Later, however, many of them discovered the positive 
influence of Salmonella control on calf health and these 
now exclusively buy calves from Level 1 dairy herds.
The difference in prevalence by geographical region 
is pronounced (Figure 5.3). Regions with low prevalence 
also refelct areas with few herds (e.g. Zealand). Further-
more the decreasing trend has been proportionally more 
Table 5.1. Definition of the three S. Dublin herd levels
Milk producing herds:
Bulk tank milk
Non-dairy herds:
Individual blood samples (slaughterhouse or live animals)
Level 1 Antibody negative based on 4 consecutive samples
Antibody negative based on up to 8 consecutive samples
Level 2
Antibody positive based on 4 consecutive 
samples or cattle purchased from a level 2 
or 3 herd
Antibody positive based on up to 8 consecutive samples or 
cattle purchased from level 2 or 3 herd
Level 3 Clinical signs of salmonellosis and culture positive samples
Clinical signs of salmonellosis and  culture positive samples
Source: Knowledge Centre for Agriculture, Cattle
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Figure 5.1. Trend in proportion of Level 2 herds shown in percent for dairy and non-dairy herds
Figure 5.2. Trend in proportion of Level 2 non-dairy herds shown in percent specified by production type
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pronounced in regions with an initial low prevalence. This 
is suggested to be attributed to neighbour effects among 
other reasons [2].  
Further national initiatives
The decrease in the proportion of dairy herds in Level 
2 declined in 2005 and again in 2010. In 2005, the initial 
effect of the programme had ‘burned off ’. Therefore new 
initiatives were developed and agreed upon between the 
authorities and the industry. 
In 2007 a voluntary eradication campaign was decided 
by the industry with the aim of eradicating Salmonella 
Dublin from the Danish cattle population. Subsequently in 
2008 a national control plan was prepared in a collabora-
tion between the Knowledge Centre for Agriculture, Cattle, 
Department of Large Animal Sciences at the University 
of Copenhagen, The National Food Institute at Technical 
University of Denmark and the Danish Veterinary and 
Food Administration. The control plan sets means and 
targets for the reduction in different production types and 
at carcass level. The overall aim was to eradicate Salmonella 
Dublin from the cattle production by 2014.
The control plan has involved three steps (see text box). 
In 2010 restrictions were imposed upon Level 2 herds 
with high ELISA values as live trade was prohibited. New 
initiatives were outlined in 2012 when also the target of 
eradication by 2014 was postponed to 2016 because of in-
sufficient progress. The revision came into force July 2013 
and includes regionalization of Denmark into high preva-
lence and low prevalence regions (Figure 5.3). Movement 
of animals from high to low prevalence regions is generally 
prohibited, and positive herds in the low prevalence region 
are placed under official restrictions. 
Furthermore all positive herds are obliged to outline an 
action plan, including herd specific control measures, in 
collaboration with a veterinarian. The effect of the control 
measures must be documented and official restrictions are 
imposed on the herds if there is no progress. The provisi-
ons are laid down in order no. 954 of 13th of July 2013 on 
Salmonella in cattle a.o. species. 
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The S. Dublin eradication programme
The eradication has been organized in three phases. The aim of the national strategy is to eradicate S. Dublin by 
2016. By eradication is meant that the prevalence has to be close to 0% and appearing cases have to be controlled in 
order not to spread.
•	 Phase 1: Voluntary intervention in infected cattle herds from 2007 to end of 2009. All Level 2 and 3 herds were 
offered to be part of a network group that meets several times together with a consultant or veterinarian acting 
as facilitator to inspire each other to keep up the intervention work. 
•	 Phase 2: Level 2 herds with high ELISA values were placed under restrictions and live trade was prohibited.
•	 Phase 3: In 2013 regionalisation of the country in low and high prevalent regions was implemented. The parti-
tion in low and high prevalent regions by legislation is shown in Fig. 5.3. Furthermore herd specific eradication 
programmes in all Level 2 and 3 herds is required.
Salmonella Dublin in cattle
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Figure 5.3. Map of Denmark showing high and low prevalent regions and area prevalences 
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6. Outbreak of Salmonella 
Choleraesuis in Danish pig herds
By Charlotta Löfström (chalo@food.dtu.dk), Gitte Sørensen and Dorte Lau Baggesen
In the end of 2012 one Danish pig herd was found 
positive for Salmonella Choleraesuis. This event was fol-
lowed by the isolation of S. Choleraesuis from three herds 
during 2013 in January, August and December, respectively. 
In all herds there were signs of clinical disease. Finding S. 
Choleraesuis was unexpected since it is rarely found in pigs 
in Denmark and the last isolation was during an outbreak 
in 1999 [1]. Infections with S. Choleraesuis in humans 
are also very rare in Denmark. The last human case of S. 
Choleraesuis was in June 2012 and since 2000 only six cases 
has been reported.
At the National Food Institute, Technical University of 
Denmark, studies were initiated to investigate the possible 
connection between the infections. PFGE typing showed 
that the isolates from the three occasions (1999, 2012 and 
2013) had different PFGE profiles, suggesting that several 
introductions of S. Choleraesuis to Denmark had occur-
red. Epidemiological investigations showed that pigs from 
the herd found positive in 2012 have been delivered to the 
herds found positive in January 2013, and that isolates from 
these two herds had the same PFGE profile. Isolates from 
the two herds infected in the second half of 2013 shared a 
different PFGE profile. It has not been possible to identify 
the primary introduction of the infection to the Danish pig 
herds. This was also the case for the outbreak in 1999/2000 
[1]. Apart from the delivery of pigs from one farm to 
another taking place in December 2012 and January 2013, 
no new pigs had to our knowledge been brought into the 
infected herds, ruling out horizontal spread between herds 
as a source. Other plausible causes include cross conta-
mination from contaminated vehicles during transport, 
contaminated feed, contact with infected humans and cross 
contamination from wildlife, but presently there is no clear 
evidence pointing at any of these sources. 
The lack of source identification may have been cau-
sed by limitations in the epidemiological information 
available, but also by an insufficient resolution of isolates 
by the epidemiological typing methods applied (mainly 
PFGE and antimicrobial resistance profiles). Future use 
of methods with higher resolution, such as whole genome 
sequencing (see chapter 3 for more information), might 
help in revealing the source in this and other outbreaks. 
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7. Salmonella Typhimurium DT41 
in poultry
By Charlotta Löfström (chalo@food.dtu.dk), Ann-Sofie Hintzmann, Gitte Sørensen and Dorte Lau 
Baggesen
Salmonella Typhimurium is one of the serovars most 
frequently involved in human salmonellosis in Europe 
[1], including Denmark (Appendix Table A2). Worldwide, 
poultry and poultry related products have been reported 
as an important reservoir of S. Typhimurium. Due to 
the successful implementation of an efficient Salmonella 
control program the prevalence of Salmonella in poultry 
in Denmark has been very low for a number of years (Ap-
pendix Table A6 and A8). 
Despite the low prevalence of Salmonella in the Danish 
poultry production, reoccurring isolations of different 
Salmonella types, particularly S. Typhimurium phage type 
DT41, has been made in broiler breeder flocks over the past 
decades without identifying a clear source [2]. During the 
last quarter of 2013 an unusually high number of flocks 
were found positive for S. Typhimurium phage types DT40, 
DT41 and unspecific phage types (RDNC). Isolates were 
found in the whole poultry production chain, including 
hatcheries, breeding flocks for the broiler production line, 
broiler flocks and at the slaughter house. One DT41 isolate 
was also found in animal feed, but to our knowledge this 
feed was not intended for the poultry sector. These DT41 
isolates were of particular interest due to the previous 
history with repeated findings in poultry breeding flocks 
and the isolates were therefore characterized in more detail 
using the DNA based typing method, multi locus variable 
number of tandem repeat analysis (MLVA).
MLVA-results showed that the three isolates, where the 
phage type could not be determined (RDNC), were related 
to the DT41 isolates. Based on the MLVA typing the DT41 
and the RDNC isolates (41 isolates in total) were split into 
eight groups. When a maximum divergence at one locus 
was permitted these could be gathered into four groups. 
Using this criterion, combined with epidemiological infor-
mation, a spread of the infection between some of the flocks 
within a short time could be documented. Furthermore, 
one subtype of DT41 was found in the whole production 
pyramid, from broiler breeding flocks to broilers and the 
poultry slaughter house. The feed isolate was found to be 
different from the rest of the isolates.
In conclusion, the source of the sudden increase of S. 
Typhimurium DT41 in the poultry production remains 
unclear, although it could be concluded that a combina-
tion of spread within the production pyramid and new 
introductions had played a role. However, further studies 
using more discriminatory typing methods to investigate 
this in more detail are in progress.
References
1. The European Union Summary Report on Trends 
and Sources of Zoonoses, Zoonotic Agents and Food-
borne Outbreaks in 2012 (2014). The EFSA Journal 
2014;12(2):3547.
2. Litrup, E, Christensen, H, Nordentoft, S, Nielsen, 
EM, Davies, RH, Helmuth, R, Bisgaard, M (2010). Use of 
multiple-locus variable-number tandem-repeats analysis 
(MLVA) typing to characterize Salmonella Typhimurium 
DT41 broiler breeder infections. J Appl. Microbiol. 109, 
2032-2038.
       Annual Report on Zoonoses in Denmark 201330
8. Online tools - 
risk assessment models and 
predictive microbiology 
8.1 TRiMiCri: Easy access to risk based micro-
biological criteria
By Maarten Nauta (maana@food.dtu.dk)
Microbiological criteria (MC) are used to assess the 
acceptability of food based on the microorganisms found in 
samples taken from food lots. Traditionally, MCs are defined 
on the basis of expert knowledge and a general agreement 
on feasibility. However, with the rise of quantitative 
microbiological risk assessment, there is an increased 
interest in making MCs risk based [1]. This means that the 
effect of implementing specific MCs is evaluated in terms of 
their effect in terms of decreased consumer health risks. A 
new type of risk based MC has been proposed in Denmark, 
when the case-by-case risk assessment was introduced. 
Instead of a traditional microbiological limit (ML) on the 
number of samples that is allowed to carry more than a 
threshold  concentration, it applies a limit for the relative 
consumer risk (RRL) associated with concentrations found 
in the samples. 
The establishment and evaluation of risk based MCs is 
often considered to be a difficult task, that requires more 
than average knowledge of risk assessment. In a project 
financed by the Nordic Council of Ministries (NMDD) 
and supported by partners from other Nordic countries, 
National Food Institute, Technical University of Denmark 
therefore developed a user friendly software “TRiMiCri”. 
This “Tool for Risk based Microbiological Criteria” aims 
to facilitate establishment and application of risk based 
microbiological criteria, with a focus on Campylobacter in 
broiler meat. 
TRiMiCri has three main functionalities: 
•	 Quantitative concentration data found in samples 
taken from a food lot can be evaluated for compli-
ance against user-defined MCs.
•	 Semi-quantitative concentration data found in 
representative samples can be entered to define a 
baseline risk, that is needed for the evaluation of 
RRL MCs. This allows the user to apply the Danish 
case-by-case risk assessment approach for its own 
situation. 
•	 The expected effect of setting specific microbio-
logical criteria can be evaluated in terms of effect 
on consumer health risk and the percentage of 
(potentially costly) non-complying food lots. This 
can help food safety managers in defining the most 
suitable microbiological criterion, based on associ-
ated health risks.
TRiMiCri, and its tutorial, are freely available via the 
website http://tools.food.dtu.dk/trimicri.The developers 
are happy to receive feedback on the tool.
References
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8.2 Food Spoilage and Safety Predictor (FSSP) 
Software
By Paw Dalgaard (pada@food.dtu.dk)
Mathematical models for growth, survival or inactiva-
tion of microorganisms can be valuable tools to evaluate 
safety and shelf-life of food. However, such predictive 
microbiology models can be difficult to use in practice 
unless they are included in user-friendly application soft-
ware such as Food Spoilage and Safety Predictor (FSSP) 
[1]. This software contains various models to predict the 
effect of product characteristics and storage conditions on 
shelf-life and safety of food.  The first version of the software 
was launched as far back as in January 1999 and it is now 
widely used in 118 countries.   
In 2014 a new and expanded version of the FSSP soft-
ware is launched. FSSP contains new predictive models and 
new facilities in addition to all the features already available 
as part of the former version called Seafood Spoilage and 
Safety Predictor (SSSP), e.g. models to predict the effect 
of temperature storage conditions on product shelf-life, 
models for growth of specific spoilage micro-organisms to 
predict shelf-life of fresh fish and models to predict food 
safety including histamine formation in marine fin-fish. 
New predictive models in FSSP include:
•	 Growth and growth boundary model for lactic acid 
bacteria in meat and seafood products. This new model 
has been extensively validated and it can be used for a 
wide range of products [2].
•	 Expanded model to predict the simultaneous growth 
of lactic acid bacteria and Listeria monocytogenes in 
various meat and seafood products including some 
mayonnaise based seafood salads. 
•	 Product specific models for the simultaneous growth 
of lactic acid bacteria and Listeria monocytogenes in 
chilled cottage cheese. 
•	 A generic growth and growth boundary model for 
any microorganism/food combination where cardinal 
growth parameter values like the minimum tempera-
ture and pH for growth have been determined. This 
generic model can take into account the effect of 
various product characteristics and storage conditi-
ons. Predictions can be obtained for constant or for 
dynamic temperatures, pH and lactic acid conditions. 
FSSP can for example be used to document if Listeria 
monocytogenes is able or unable to grow in a product [3]. 
This specific use of the software is described on the Danish 
Veterinary and Food Administration website (www.fvst.
dk, in Danish). In addition, FSSP can be used to facilitate 
development or reformulation of especially lightly pre-
served foods.
FSSP is an important tool for the public sector consul-
tancy, teaching and industry advice given by the Predictive 
Microbiology research group at the National Food Insti-
tute, Technical University of Denmark. 
FSSP is available for free at http://fssp.food.dtu.dk. 
To help interested FSSP users benefit from this tool, one-
day workshops are organized as indicated on the FSSP-
homepage or on request to the author.
References
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9. International topics
By Gudrun Sandø (gus@fvst.dk)
9.1 Control of zoonoses in animal populations 
9.1.1 EU coordinated monitoring studies 
 Based on Zoonosis Directive 2003/99/EC and Regu-
lation (EC) No 2160/2003, the Commission can initiate 
harmonised studies in order to generate comparable pre-
valence data from all Member States with the purpose of 
setting common EU targets for the reduction of the pat-
hogens in question. So far, eight such baseline studies have 
been carried out concerning Salmonella, Campylobacter, 
Listeria and MRSA. The EU results have been published on 
the EFSA website (www.efsa.eu), except from the results of 
the baseline study on Listeria for smoked fish. The Danish 
results from these studies have been presented in Annual 
Reports on Zoonoses 2005-2009.
9.1.2 EU harmonised Salmonella surveillance 
programmes
Based on the results of baseline studies in flocks of 
poultry, harmonised regulation on targets and surveil-
lance in the poultry production has been laid down by 
the Commission. 
In 2010, the EFSA published a scientific opinion [1] on 
monophasic S. Typhimurium-like strains in which it was 
concluded that the monophasic Salmonella strains with 
the antigenic formula S. 1,4,[5],12:i:- should be treated 
equal to S. Typhimurium. Subsequently EU regulations 
on target end criteria set on Salmonella have included 
these types as well. 
According to Regulation (EC) No 584/2008, the EU tar-
get at 1% for breeding and fattening turkey flocks positive 
for S. Typhimurium or S. Enteritidis had to be reached at 
the end of 2012. This regulation has now been replaced by 
Regulation (EC) No 1190/2012 laying down a permanent 
target of maximum 1% positive breeding and fattening 
turkey flocks. The regulation enters into force in 2013. In 
Denmark, no turkey flocks were positive with S. Typhi-
murium or S. Enteritidis in 2013 (Appendix Table A9).
In breeding flocks of Gallus gallus, the target of 1% 
positive adult flocks had to be reached by the end of 2009 
according to Regulation (EC) No 1003/2005. The target 
was set for S. Typhimurium, S. Enteritidis, S. Hadar, S. 
Infantis and S. Virchow. This regulation has been replaced 
by Regulation (EC) No 200/2010 laying down a permanent 
target of maximum 1% adult flocks positive for S. Typhi-
murium including the monophasic S. 1,4,[5],12:i:- strains, 
S. Enteritidis, S. Hadar, S. Infantis and S. Virchow. In the 
legislation no distinction is made between breeding flocks 
from the table egg and 
broiler production lines. 
In Denmark, one rearing 
flock from the broiler production 
was positive with S. Typhimurium DT41 in 
2013 (Appendix Table A6 and A8).
The EU baseline study on table egg laying 
flocks carried out in 2004 showed large differences 
in the prevalence between Member States. Therefore, 
Member States specific targets were set either as an annual 
10-40% reduction of positive adult flocks dependent on the 
prevalence of positive adult flocks in the Member State the 
previous year or a maximum of 2% adult flocks positive 
(Regulation (EC) No 1168/2006). The target was set for 
S. Typhimurium and S. Enteritidis and had to be reached 
at the end of 2010. This regulation has been replaced by 
Regulation (EC) No 517/2011 laying down permanent 
targets for the reduction of Salmonella in laying flocks. 
The new regulation maintains the previous targets. For 
Denmark, the target is a maximum of 2% adult flocks 
positive for S. Typhimurium (including the monophasic 
S. 1,4,[5],12:i:- strains) and S. Enteritidis. The prevalence 
in Denmark has been lower than 2% since 2004. In 2013, 
four flocks were positive for the target serotypes (One flock 
with S. Enteritidis and three flocks with S. Typhimurium) 
(Appendix table A6).
In broiler flocks of Gallus gallus, the target of maximum 
1% flocks positive for S. Typhimurium and S. Enteritidis 
had to be reached at the end of 2011 according to Regu-
lation (EC) No 646/2007. This regulation has been repla-
ced by Regulation (EC) No 200/2012, which maintains 
the previous target at 1% including the monophasic S. 
1,4,[5],12:i:- strains. Denmark has had intensive Salmonella 
control programmes since the 1990’s and the target of 1 % 
was reached in 2000. In 2012, 0.5% of broiler flocks was 
positive with S. Typhimurium including the monophasic 
S. 1,4,[5],12:i:- strains (Appendix Table A8).
9.2 Antimicrobial resistance
The Commission has implemented a harmonised mo-
nitoring of antimicrobial resistance within the EU from 
2014. The decision is based on a recommendation from the 
European Food Safety Authority (EFSA). The harmonized 
monitoring of antimicrobial resistance is implemented for 
poultry, pigs and calves (under 1 year) and meat of broilers, 
pigs and cattle. The monitoring includes antimicrobial 
resistance in Salmonella, Campylobacter jejuni, E. coli and 
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ESBL in Salmonella and E. coli. It is optional for Member 
States to monitor antimicrobial resistance in enterococci 
and Campylobacter coli. The samples will be collected 
during a two-year rotation period. In 2014 poultry will 
be sampled and in 2015 pigs and calves will be sampled. 
The sampling strategy is harmonised to ensure compara-
ble results between Member States. The idea is that the 
knowledge gained from the monitoring will raise aware-
ness of the potential antimicrobial resistance problems in 
the individual Member States and thus lead to increased 
problem solving.
9.3 Microbiological criterion for verotoxin-
producing E. coli in sprouts
In July 2013, four legal acts and a guidance document 
on different aspects of production of sprouts came into 
force. These new provisions included among other things 
a new microbiological criterion for verotoxin-producing 
E. coli in sprouts. See more in Annual Report on Zoonoses 
2012. 
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10. Surveillance and control 
programmes
The collaboration between national and regional autho-
rities, the industry and non-governmental organizations is 
presented in Figure 10.1. According to the Danish legisla-
tion, 41 infectious diseases are notifiable in Denmark. An 
overview of the notifiable and non-notifiable human and 
animal diseases presented in this report is provided in Ap-
pendix Table A29 and Table A30, respectively, including 
reference to the relevant legislation.
10.1 Surveillance of human disease
Information on human cases due to zoonotic pathogens 
presented in this report is reported to Statens Serum Institut 
through different channels depending on the disease:
•	 Notifiable through the laboratory surveillance system: 
Salmonella, Campylobacter, Yersinia, Verotoxin-produ-
cing E. coli (VTEC) and Listeria.
•	 Individually notifiable zoonotic pathogens: Chlamydia 
psittacci (ornithosis), Leptospira, Mycobacterium, Bo-
vine Spongieform Encephalopathy (BSE) prions (var. 
Creutzfeldt-Jakob Disease), Verotoxin-producing E. 
coli (VTEC) and Lyssavirus (rabies).
•	 Non-notifiable zoonotic pathogens: Brucella, Crypto-
sporidium, Echinococcus, Toxoplasma and Trichinella. 
In Denmark, the physicians report individually notifiable 
zoonotic diseases to the Danish Health and Medicines Aut-
hority and the Department of Infectious Disease Epidemio-
logy at Statens Serum Institut. Physicians send specimens 
from suspected cases to one of the clinical microbiology 
laboratories depending on the geographical region. Positive 
cases diagnosed by a clinical microbiological laboratory are 
reported through the laboratory surveillance system to the 
Unit of Gastrointestinal Infections at Statens Serum Institut. 
The laboratories must report positive results to Statens Se-
rum Institut within one week. Furthermore, all Salmonella 
and VTEC isolates are sent to the reference laboratory at 
Statens Serum Institut for further sero- and genotyping. 
The results are recorded in the Register of Enteric Patho-
gens maintained by Statens Serum Institut. Positive cases 
are reported as episodes, i.e. each patient-infectious agent 
combination is only recorded once in any six-month period. 
Overviews of results from the Register of Enteric Pathogens 
are presented as follows: 
•	 All laboratory confirmed human cases are presented in 
Appendix Table A2.
•	 VTEC O-group distribution in humans is presented in 
Appendix Table A3.
•	 The Salmonella serovar distribution is presented in 
Appendix Table A5.
Figure 10.1. Overview of the monitoring and outbreak investigation network for reporting infectious pathogens in hu-
mans, animals, foodstuffs and feedstuffs in Denmark, 2013
Source: Danish Zoonosis Centre, National Food Institute
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10.2 Outbreaks of zoonotic gastrointestinal 
infections
In Denmark, local and regional foodborne outbreaks are 
typically investigated by the Food Control Offices1 in col-
laboration with the medical officers at the Danish Health and 
Medicines Authority, and the regional clinical microbiology 
laboratories. Larger regional and national outbreaks are 
investigated by Statens Serum Institut, the National Food 
Institute, Technical University of Denmark and the Danish 
Veterinary and Food Administration in collaboration. 
These institutions may also aid in the investigation of local 
outbreaks. Representatives from these institutions meet 
regularly in the Central Outbreak Management Group to 
discuss surveillance results, compare the reported occur-
rence of zoonotic agents in animals, food and feedstuffs 
with that in humans, and coordinate the investigation of 
outbreaks. The formal responsibility of investigating food- 
or waterborne outbreaks is currently divided between three 
ministries based on the outbreak source: the Ministry for 
Interior and Health for infectious diseases; the Ministry of 
Food, Agriculture and Fisheries for foodborne and animal 
related diseases; and the Ministry of the Environment (along 
with the municipalities) for waterborne diseases.
Outbreaks may be detected in various ways. Individuals 
who experience illness related to food intake in settings 
such as restaurants or work place cafeterias may report 
these incidents directly to the Food Control Office. General 
practitioners and hospitals are obliged to report all suspected 
water- and foodborne infections to the Danish Health and 
Medicines Authority and to Statens Serum Institut. Clusters 
of cases may also be noted in the laboratory or identified at 
Statens Serum Institut through the laboratory surveillance 
system of gastrointestinal bacterial infections or through 
subtyping of bacterial isolates from patients.
A list of verified outbreaks (not including household 
outbreaks) reported to the Food- and waterborne Outbreak 
Database (FUD) are presented in Appendix Table A4 and 
some of the outbreaks from 2013 are outlined in Chapter 2.
10.3 Surveillance and control of animals and 
animal products 
Salmonella surveillance and control programmes for 
poultry, pigs and cattle are presented in Appendix Tables 
A31-A36. Sample analysis is performed at authorised private 
laboratories, the Danish Food and Veterinary Administrati-
ons laboratory, the National Food Institute and the National 
Veterinary Institute at Technical University of Denmark. 
Salmonella isolates are forwarded to the National Food 
Institute for serotyping, some isolates are also phage- and 
genotyped as well as tested for antimicrobial resistance. An 
overview of the methods used for subtyping is presented in 
Appendix Table A37. 
Overviews of results from surveillance and control of 
Salmonella are presented as follows: 
•	 Results from the Table egg production are presented in 
Appendix Tables A5-A7.
The new human microbiology database - MiBa
By Luise Müller (lum@ssi.dk)
In 2008, Statens Serum Institut took the initiative to establish a nationwide database with the aim to enable real-
time surveillance of communicable diseases and microorganisms as well as provide nationwide access for healthcare 
personnel to microbiology reports [1]. The database was entitled the Danish Microbiology Database (MiBa) and the 
establishment and management has been a collaborative process between departments of clinical microbiology at the 
hospitals (DCM) and Statens Serum Institut. MiBa is mainly financed by a grant from the Danish Ministry of Health 
from 2009. MiBa is a national database that receives copies of reports from all DCM. The key principle is the simulta-
neous submission to MiBa of an electronic copy every time a new or updated report is sent from a DCM to the general 
practitioner or hospital department that requested the test. Since January 2010, copies of all reports submitted by Danish 
DCMs have been transferred to MiBa. By December 2013, approximately 11 million reports had been uploaded and 
there were an increasing number of accesses, where health-care employees look up reports in the database, reaching 
more than 30,000 accesses per month. So far the nationwide sharing of data in MiBa has been a success and has already 
proved very useful e.g. in the surveillance of influenza and other respiratory infections [2]. The full benefits of a timely 
and complete surveillance system are still to be experienced. Finally, it is expected that MiBa will provide numerous 
opportunities for national surveillance of zoonoses in humans also for those that are not currently notifiable [1].
References
1. Voldstedlund M et al. (2014). The Danish Microbiology Database (MiBa) 2010 to 2013. Euro surveillance 19(1) 
2. Bragstad K et al. (2013). Low vaccine effectiveness against influenza A(H3N2) virus among elderly people in 
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_________________________________________________________________________________________________________
1. The Danish Veterinary and Food Administration (DVFA) is one authority but operates from more locations throughout the country. 
To be able to distinguish the locations the terms DVFA is used synonymous with the location in Glostrup and Food Control Office 
followed by the location synonymous with the location in question
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Surveillance and control programmes
•	 Results from the broiler production are presented in Ap-
pendix Tables A5 and A8.
•	 Results from the duck and turkey productions are pre-
sented in Appendix Table A5 and A9.
•	 Results from the pig production are presented in Ap-
pendix Tables A5, A13 and Figures A1-A3.
•	 Results from the cattle production are presented in Ap-
pendix Tables A5, A14-A15 and Figure A4.
•	 Results from the feeding stuff production are presented 
in Appendix Tables A18-A19.
•	 Results from the rendering plants are presented in Ap-
pendix Table A20.
•	 Results based on suspicion of diseases in pets, zoo animals 
and wild life are presented in Appendix Table A22-A23.
Overviews of results from monitoring of Campylobacter 
are presented as follows: 
•	 Results from the broiler production are presented in Ap-
pendix Tables A10-A11.
•	 Results based on suspicion of diseases in pets, zoo animals 
and wild life are presented in Appendix Table A22-A23.
•	 Results on the relative distribution of Campylobacter spe-
cies in broilers, pigs and cattle are presented in Appendix 
Tables A12 and A16.
Pig and cattle carcasses are screened for Mycobacterium 
and Echinococcus during meat inspection at the slaughter-
house. Although Denmark is assigned as a region where 
the risk of Trichinella in domestic swine is negligible, all 
slaughter pigs are still examined for Trichinella at slaughter 
as well as wild boars, and horses slaughtered for human con-
sumption. In addition, boars and bulls are tested for Brucella 
and bulls are tested for Mycobacterium at semen collection 
centres. All positive results for notifiable infectious diseases 
are reported to the Danish Veterinary and Food Admini-
stration. Results are presented in Appendix Table A13-A14.
Results from the surveillance for Bovine Spongiform 
Encephalopathy (BSE) in cattle, Transmissible Spongiform 
Encephalopathy (TSE) in sheep/goat are presented in Ap-
pendix Tables A24-A26.
Results from the monitoring of Coxiella burnetii (Q 
fever) in cattle are presented in Appendix Table A14.
Results based on suspicion of diseases with Chlamydia 
psittacci, Cryptosporidium, Trichinella, classical rabies and 
European Bat Lyssavirus in zoo animals, pets and wild life 
are presented in Appendix Table A22-A23.
10.4 Official testing of zoonotic pathogens in 
foodstuffs
In Denmark, control of zoonotic microorganisms in 
foodstuffs is mainly carried out as projects which are co-
ordinated at the central level of the Danish Veterinary and 
Food Administration. Sampling and testing are carried out 
with the following purposes:
•	 To verify that food business operators comply with mi-
crobiological criteria laid down in the legislation 
•	 To verify the microbiological safety of food for which no 
microbiological criteria are laid down at EU Community 
level.
•	 To monitor the effect of established risk management 
procedures in order to evaluate if these provide the desired 
results or need to be reconsidered.
•	 To generate data for the preparation of risk profiles and 
risk assessments to support microbial risk management
•	 To discover emerging problems with microbiological 
contaminants.
Appendix Table A27 provides information on the cen-
trally coordinated studies conducted in 2013. An overview 
of these results presented in this report is found in table A27.
For further information consult the website of the Da-
nish Veterinary and Food Administration, 
www.fvst.dk.
New action plan on Campylobacter in broilers 
By Gudrun Sandø (gus@fvst.dk)
The Campylobacter action plan 2013 - 2016 was adopted in spring 2013. This is the second Campylobacter plan, and 
it was developed during 2012 by the Danish Agriculture & Food Council, the Danish Broiler Association, the National 
Food institute and the National Veterinary Institute at Technical University of Denmark, and the Danish Veterinary and 
Food Administration. 
The action plan covers initiatives in the broiler production at farm level as well as at the slaughterhouse, information 
to consumers, and as a new element it also covers sources and routes of transmission other than from the broiler produ-
ction. Targets have been set in the broiler production: The prevalence of positive flocks shall be reduced by 20% by 2016 
compared to the level in 2012. The target for fresh broiler meat at the slaughterhouses is formulated as a reduction of the 
relative risk compared to the level in 2012 and depends on the prevalence as well as the concentration of Campylobacter 
in fresh broiler meat. By the end of 2014 and 2016 the relative risk should be reduced by 25% and 50%, respectively. 
The content of the plan and the background for it is described in more detail in Annual Report 2012. Development 
and target achievement will be evaluated on a yearly basis. The report is available at the Danish Veterinary and Food 
Adminstrations website www.fvst.dk (in Danish).
New action plans
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New action plan on Salmonella in pigs
By Gudrun Sandø (gus@fvst.dk)
The first action plan against Salmonella in pigs and pork was drawn up in 1995. The fourth action plan expired by the 
end of 2013 and the fifth plan for the period 2014-2017 was adopted in December 2013. The plan was prepared by the Da-
nish Agriculture & Food Council, the Danish Butcher Association, the Danish Meat and Research Institute, the National 
Food Institute, and the Danish Veterinary and Food Administration.
 A technical working group and a steering committee are continuously following up on the action plan, and in 2012 the 
technical working group evaluated the ongoing fourth action plan and the development in the occurrence of Salmonella 
in herds, slaughter pigs, on carcasses and in humans. The evaluation showed, among other things, that the prevalence of 
infected slaughter pigs has increased markedly since 1998. Especially the prevalence of pigs infected with S. Derby but also 
the prevalence of pigs infected with S. Typhimurium including the monophasic types had increased. The target for the 
forth action plan was to reduce the carcass prevalence to 1.0% Salmonella by the end of 2013. This target was not reached 
as the prevalence for 2013 was 1.3%.
The target for the new plan is to reach a prevalence of 1.0 % Salmonella at carcass level in 2014, and to maintain this low 
prevalence throughout the period (2014-2017).
The following issues have been examined and described in the report on the fifth action plan:
•	 The background for the increase of Salmonella in herds
•	 The significance of the increase in herds on the prevalence at carcass level
•	 Hygiene monitoring as a tool at the slaughter houses
•	 Transmission of infection from pigs, manure and offal
A substantial part of the increase in the proportion of positive herds is caused by live trade of infected pigs. Since 2010 
all herds are categorized as Salmonella positive or negative, and purchasers are obliged to inform buyers on the status of 
the herd. However, Salmonella is not the only factor of interest when purchasing pigs, and farmers might choose to buy 
pigs from known Salmonella-infected herds because of other characteristics important for the pig producer. The typical 
herd size and structure has changed in the period since the first action plan was adopted as herds are becoming larger and 
more specialized. This leads to more purchases and a higher risk of introducing Salmonella into the herd. The use of finely 
ground feed has increased, and this can also lead to increased Salmonella prevalence, as it affects gut health.
An increased level of Salmonella in the herds leads to a higher risk of contaminated carcasses, but in the period 2001-
2012 the slaughterhouses have been able to take the necessary hygiene precautions to manage the increased herd preva-
lence without increases in carcass prevalence.
To further strengthen and support the hygiene at the slaughterhouse, tools will be developed based on analysis of the 
registration of contamination at the slaughter line and results of the E. coli monitoring. The tools shall contribute to prevent 
high prevalence of Salmonella in the meat. Furthermore, the criterion for intensified Salmonella intervention at slaughter-
house level will be included in the yearly evaluation of the plan. The intensified Salmonella intervention is imposed on a 
slaughterhouse, if the 12-months prevalence of Salmonella in carcasses is 2 % or above in 4 of 6 consecutive months.
The plan contains recommendations on good practice that can reduce the risk of spread of infection from pigs to other 
livestock and crops, directed at farmers and growers. In 2014 the Danish Veterinary and Food Administration will also 
examine the prevalence of Salmonella in organically grown vegetables , as the use of manure as fertilizer, poses a risk for 
transmitting Salmonella to crops. 
The development and target achievement will be evaluated on a yearly basis. The report on the fifth action plan is available 
at the Danish Veterinary and Food Adminstrations website www.fvst.dk (in Danish).
New action plan on Salmonella Dublin in cattle
By Gudrun Sandø (gus@fvst.dk) and Erik Rattenborg
The action plan against Salmonella Dublin in cattle was adopted in 2008. The overall aim was to eliminate Salmonella 
Dublin from the cattle production by the end of 2014. As the reduction in the occurrence of seropositive herds did not 
progress as expected, new initiatives was agreed on in 2013. The initiatives were outlined by the Knowledge Center for 
Agriculture, Cattle, Department of Large Animal Sciences at the University of Copenhagen, The National Food Institute 
and the Danish Veterinary and Food Administration.
The new initiatives include classification of regions in Denmark into high prevalence and low prevalence regions. 
There are restrictions on relocations of animals between regions with different status. Furthermore all positive herds are 
obliged to initiate herd specific control measures. The provisions are laid down in order no. 954 of 13th of July 2013 on 
Salmonella in cattle. The new aim is to eliminate Salmonella Dublin from the cattle production by the end of 2016. The 
action plan and the new initiatives are described more detailed in chapter 5.
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Trends and sources in human salmonellosis
Table A1. Estimated no. of reported human cases and percentage of cases per major food source, travel or outbreaks, 
2011-2013         
a) The model is based on a Bayesian framework which gives 95 % credibility intervals.
b) Includes 134 S. Enteritidis cases, which were part of outbreaks happening abroad. 121 of these cases were from one travel-
related outbreak due to eggs / egg products 
Source: Danish Zoonosis Centre, National Food Institute
2013 2012 2011
Source
Estimated no. of 
reported cases 
(95 % credibility 
intervala)
Percen-
tage of 
reported 
cases
Estimated no. of 
reported cases 
(95 % credibility 
intervala)
Percen-
tage of 
reported 
cases
Estimated no. of 
reported cases 
(95 % credibility 
intervala)
Percen-
tage of 
reported 
cases
Domestic pork 139 (97- 174) 12.2 110 (84-139) 8.0 86 (44-131) 7.4
Domestic beef 21 (4-58) 1.9 85 (72-100) 7.1 6 (0-28) 0.5
Domestic table eggs 17 (7-31) 1.5 15 (1-35) 1.3 11 (2-22) 1.0 
Domestic broilers 0 0 0 0 0 0
Domestic ducks 9 (0-21) 0.8 10 (1-23) 0.8 19 (4-37) 1.7
Imported pork 30 (15-50) 2.6 3 (0-10) 0.2 65 (28-104) 5.6
Imported beef 22 (13-33) 2.0 11 (4-20) 0.9 33 (10-48) 2.8
Imported broilers 12 (2-26) 1.1 21 (3-47) 1.8 24 (2-51) 2.0
Imported turkey 7 (0-18) 0.6 13 (1-28) 1.1 13 (1-38) 1.1
Imported duck No  data - 22 (13-34) 1.6 28 (8-54) 2.4
Travels 458 (445-471) 40.3 539 (527-550) 45.0 538 (531-546) 46.2
Unknown source 228 (191 - 264) 20.1 332 (293-369) 27.7 288 (252-330) 24.7
Outbreaks, 
unknown sourceb
193 17.0 37 4.3 55b 4.3
Total 1,136 1,198 1,166
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Table A2. Zoonoses in humans, number of laboratory-confirmed cases, 2008-2013
Human disease and outbreak data
a) Not notifiable hence the incidence cannot be calculated.
b) Notifiable.
c) S. Typhimurium and monophasic S. 1,4,[5],12:i:- strains.
d) Data presented are from one laboratory (Statens Serum Institut) only, representing a proportion of the Danish population. The 
proportion of the population represented varies from year to year, thus results from different years are not comparable. Testing for 
these pathogens is carried out only if specifically requested on the submission form.
e) The cases were imported.
Source: Statens Serum Institut          
    
Incidence 
per 100,000 
inhabitants
Reported no. of cases
Zoonotic pathogen 2013 2013 2012 2011 2010 2009 2008
Bacteria
Brucella abortus/melitensisa,d - 4 2 7 6 7 8
Campylobacter coli/jejunib 67.1 3,766 3,728 4,068 4,035 3,352 3,454
Chlamydia psittacib 0.2 12 12 7 9 14 6
Leptospira spp.b 0.1 3 7 11 10 12 13
Listeria monocytogenesb 0.9 50 50 49 62 97 51
Mycobacterium bovisb 0 0 0 1 2 0 1
Salmonella totalb 20.3 1,136 1,198 1,166 1,598 2,129 3,656
  S. Enteritidisb 6.2 346 242 293 388 600 638
  S. Typhimuriumb,c 6.0 337 415 386 521 767 2,002
  Other serotypesb 8.1 453 541 487 689 762 1,016
VTEC totalb 3.3 186 190 224 184 165 159
  O157 0.4 23 36 27 25 24 14
  other or non-typeable 2.9 163 154 197 159 141 145
Yersinia enterocoliticab 6.2 345 291 224 192 238 330
Parasites
Cryptosporidium spp.a,d - 6 8 31 25 35 92
Echinococcus multilocularisa,e - 3 7 4 1 0 0
Echinococcus granulosusa,e - 9 20 31 10 11 5
Trichinella spp.a,e - 0 0 0 0 0 0
Viruses
Lyssavirusb - 0 0 0 0 0 0
a) All O-groups that resulted in five or more episodes are listed.
b) The cases are reported through the notification system, isolates not available for analysis.
Source: Statens Serum Institut
   
O-group Number of episodes O-group Number of episodes
O157 23 O128 6
O103 22 O63 5
O146 21 O-rough 13
O26 18 Notificationb 18
O145 8 Other O-groups or non-typeable 64
O117 6 Not confirmed 10
Continued in the next column Total 214
Table A3. VTEC O-group distribution in humansa, 2013 
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Table A4. Food- and waterborne disease outbreaksa reported in the Food- and Waterborne Outbreak Database (FUD) 
(n=73), 2013      
Pathogen No. of patients
Patients 
laboratory 
confirmed
Setting Source FUD no.
Bacillus cereus 28 - Sports event Buffet meal 1260
Bacillus cereus 7 - Hotel Buffet meal 1264
Bacillus cereus 11 - Restaurant Buffet meal 1292
Bacillus cereus 4 - Restaurant Composite meal 1286
Bacillus cereus 22 - Restaurant Composite meal 1281
Bacillus cereus 2 - Restaurant Composite meal 1295
Bacillus cereus 10 - Restaurant Composite meal 1310
Bacillus cereus 3 - Restaurant Composite meal 1340
Campylobacter 3 2 Private party Chicken 1294
Campylobacter 4 4 Regional Unknown 1313
Clostridium perfringens 2 - Restaurant Buffet meal 1267
Clostridium perfringens 8 - Restaurant Buffet meal 1299
Clostridium perfringens 40 1 Catering Buffet meal 1300
Clostridium perfringens 425 - Restaurant Buffet meal 1325
Clostridium perfringens 22 - Restaurant Buffet meal 1335
Clostridium perfringens 28 - Restaurant Buffet meal 1338
Clostridium perfringens 20 - Canteen Composite meal 1256
Clostridium perfringens 33 - Canteen Composite meal 1270
Clostridium perfringens 19 - Catering Composite meal 1271
Clostridium perfringens 9 - Restaurant Composite meal 1279
Clostridium perfringens 14 - Restaurant Composite meal 1280
Clostridium perfringens 50 - Restaurant Composite meal 1304
Clostridium perfringens 4 - Restaurant Composite meal 1320
Clostridium perfringens 55 - School Composite meal 1321
Clostridium perfringens 9 - Restaurant Pork 1298
Clostridium perfringens 15 - Production Pork product 1287
Hepatitis A virus 72 40 National Fruit (imp) 1259
Lectines 100 - Shop Beans, fresh (imp) 1240
Lectines 7 - Canteen Dried beans (imp) 1278
Lectines 8 - Canteen Dried beans (imp) 1312
Lectines 23 - Canteen Dried beans (imp) 1324
Lectines 2 - Restaurant Dried beans (imp) 1343
Norovirus 20 3 Private party Buffet meal 1272
Norovirus 6 1 Restaurant Buffet meal 1293
Norovirus 24 - Hotel Buffet meal 1315
Norovirus 7 - Restaurant Buffet meal 1319
Norovirus 15 - Private party Buffet meal 1329
Norovirus 25 - Canteen Buffet meal 1330
Norovirus 5 - Canteen Buffet meal 1331
Norovirus 58 4 Canteen Buffet meal 1332
Norovirus 138 - Canteen Buffet meal 1333
Norovirus 10 2 Private party Buffet meal 1339
Norovirus 47 - Restaurant Buffet meal 1341
Norovirus 14 - Private party Buffet meal 1342
Norovirus 23 - Shop Buffet meal 1351
Norovirus 53 8 Restaurant Composite meal 1257
Norovirus 6 5 Shop Composite meal 1268
Continued on the next page
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Table A4. Food- and waterborne disease outbreaksa reported in the Food- and Waterborne Outbreak Database (FUD), 
2013 (Continued from previous page)        
Pathogen No. of patients
Patients 
laboratory 
confirmed
Setting Source FUD no.
Norovirus 27 - Restaurant Composite meal 1282
Norovirus 20 - Restaurant Composite meal 1283
Norovirus 37 Restaurant Composite meal 1284
Norovirus 16 Restaurant Composite meal 1285
Norovirus 8 Restaurant Composite meal 1288
Norovirus 11 Restaurant Composite meal 1303
Norovirus 32 Catering Composite meal 1311
Norovirus 10 Canteen Composite meal 1326
Norovirus 4 Restaurant Composite meal 1337
Norovirus 12 Producer Fruit (imp) 1349
Norovirus 9 Restaurant Oysters (imp) 1241
Norovirus 8 2 Restaurant Oysters (imp) 1255
Norovirus 10 - Restaurant Oysters (imp) 1263
S. Mikawasima 11 11 National Unknown 1314
S. Typhimurium DT120, MLVA0007b 21 21 Shop Pork 1245
S. Typhimurium U312, MLVA0550 43 43 National Pork 1254
S. Typhimurium, MLVA0008 7 7 Regional Unknown 1305
S. Typhimurium, MLVA0642 6 6 Restaurant Composite meal 1348
S. Typhimurium, MLVA0817 7 7 National Unknown 1258
Staphylococcus aureus 80 - Restaurant Buffet meal 1275
Staphylococcus aureus 10 - Restaurant Buffet meal 1308
Outbreaks related to travel
Hepatitis A virus 9 9 Travel (Egypt) Unknown 1277
S. Enteritidis, MLVA0004, -0005, -0020 121 121 Travel (Turkey) Eggs/egg products 1290
S. Enteritidis, MLVA0066 5 5 Travel (Egypt) Unknown 1323
S. Enteritidis + Shigella sonnei + VTEC 16 8 Travel (Hotel, Turkey) Buffet meal 1302
Shigella sonnei 5 5 Travel (Hotel, Tunesia) Unknown 1307
Total 2,055 321
Note: (imp)= imported product
a)  In addition to the above mentioned outbreaks, one household outbreak (FUD 1318) with 2 persons involved was registered in 
2013. The outbreak was suspected to have been caused by C. perifringens in a beef product containing  herbs and spices cooked in 
the household not paying sufficient attention to the duration of the cooling process after preparation.
b) 15 of the 21 cases in FUD1245 were also reported in 2012.
Source: Food- and Waterborne Outbreak Database (FUD)
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Table A5. Top 15 (humans) serotype distribution (%) of Salmonella from humans, animals, carcasses and imported meat, 2013 
   
a) Isolates collected from coecum samples taken randomly at slaughter.
b) Sampling of beef and pork carcasses at slaughterhouses according to surveillance programmes (Tables A35 and A36).
c) Sampling in production flocks prior to slaughter according to surveillance programmes (Tables A32-A34).
d) Since 20/09/2013 these samples were no more taken
e) Case-by-case control of imported meat. For further information regarding case-by-case control programme, see Annual Report on 
Zoonoses in Denmark 2007.
f) Typhimurium (monophasic) includes the Salmonella strains 1,4,[5],12:i:-.
Source: Danish Veterinary and Food Administration, Statens Serum Institut, and National Food Institute
Monitoring and surveillance data
Human Piga Porkb Beefb Layerc Broilerc Duckc,d Turkeyc Imported meat (batch)
herds batches batches flocks flocks flocks flocks Porke Broilere Turkeye
Serotype N=1,136 N=216 N=158 N=20 N=4 N=34 N=17 N=2 N=27 N=11 N=9
Enteritidis 30.5 0.5 0 0 25.0 0 0 0 0 0 0
Typhimurium 18.5 11.6 20.9 0 75.0 38.2 5.9 0 44.4 0 0
Typhimurium 
(Monophasic)f
11.2 18.1 22.8 5.0 0 8.8 0 0 25.9 0 0
Dublin 2.4 0 0 45.0 0 0 0 0 0 0 0
Newport 2.4 0 0 0 0 8.8 29.4 0 0 0 22.2
Stanley 2.0 0 0 0 0 0 0 0 0 0 0
Agona 1.9 0.5 0 0 0 2.9 0 0 0 0 0
Infantis 1.9 1.4 5.1 0 0 2.9 0 0 3.7 27.3 0
Virchow 1.5 0 0 0 0 0 0 0 0 0 0
Braenderup 1.1 0 0 0 0 0 0 0 0 0 0
Corvallis 1.1 0 0 0 0 0 0 0 0 0 0
Java 1.1 0 0 0 0 0 0 0 0 27.3 0
Kottbus 1.1 0 0 0 0 0 0 0 0 0 0
Mikawasima 1.1 0 0 0 0 0 0 0 0 0 0
4,5,12;:b:- 1.1 0 0 0 0 0 0 0 0 0 0
Others 21.1 67.6 46.2 5.0 0 35.3 64.7 100 25.9 45.5 77.8
Unknown 0.3 0.5 5.1 45.0 0 2.9 0 0 0 0 0
Total 100 100 100 100 100 100 100 100 100 100 100
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Human Piga Porkb Beefb Layerc Broilerc Duckc,d Turkeyc Imported meat (batch)
herds batches batches flocks flocks flocks flocks Porke Broilere Turkeye
Serotype N=1,136 N=216 N=158 N=20 N=4 N=34 N=17 N=2 N=27 N=11 N=9
Enteritidis 30.5 0.5 0 0 25.0 0 0 0 0 0 0
Typhimurium 18.5 11.6 20.9 0 75.0 38.2 5.9 0 44.4 0 0
Typhimurium 
(Monophasic)f
11.2 18.1 22.8 5.0 0 8.8 0 0 25.9 0 0
Dublin 2.4 0 0 45.0 0 0 0 0 0 0 0
Newport 2.4 0 0 0 0 8.8 29.4 0 0 0 22.2
Stanley 2.0 0 0 0 0 0 0 0 0 0 0
Agona 1.9 0.5 0 0 0 2.9 0 0 0 0 0
Infantis 1.9 1.4 5.1 0 0 2.9 0 0 3.7 27.3 0
Virchow 1.5 0 0 0 0 0 0 0 0 0 0
Braenderup 1.1 0 0 0 0 0 0 0 0 0 0
Corvallis 1.1 0 0 0 0 0 0 0 0 0 0
Java 1.1 0 0 0 0 0 0 0 0 27.3 0
Kottbus 1.1 0 0 0 0 0 0 0 0 0 0
Mikawasima 1.1 0 0 0 0 0 0 0 0 0 0
4,5,12;:b:- 1.1 0 0 0 0 0 0 0 0 0 0
Others 21.1 67.6 46.2 5.0 0 35.3 64.7 100 25.9 45.5 77.8
Unknown 0.3 0.5 5.1 45.0 0 2.9 0 0 0 0 0
Total 100 100 100 100 100 100 100 100 100 100 100
Table A7. Occurrence of Salmonella in the table egg layer flocks sorted by type of production, 2004-2013
a) One flock positive with S. Enteritidis
b) Two flocks positive with S. Typhimurium DT40 and one flock with double infection with S. Typhimurium DT40 and DT41
Source: Danish Agriculture and Food Council, and Danish Veterinary and Food Administration
Deep litter Free range Organic Battery
      N    Positive        N    Positive       N  Positive      N Positive
2004 214     0 72 2 175 1 177 2
2005 217     3 70 0 178 0 175 4
2006 185     0 62 0 164 2 148 0
2007 155     2 56 0 146 2 146 1
2008 151     0 61 2 145 1 135 1
2009 133     1 78 0 130 4 110 3
2010 117     0 45 2 136 1 157 5
2011 109     0 40 0 130 1 131 1
2012 101     0 37 1 136 1 131 1
2013 108     0 37 1a 137 3b 94 0
Table A6. Occurrence of Salmonella in the table egg productiona, 2004-2013
     Rearing period 
     (parent flocks)
Adult period 
(parent flocks) Pullet-rearing flocks Table egg layer flocks
              N Positive          N Positive         N Positive       N Positive
2004 9 2 9 0 368 1 641 5
2005     16 0       9      0   355      6   655      7
2006     17 0     11      0   289      2   565      2
2007     11 0     12      0   326      0   510       5
2008     10 0       6      0   258      1   508      4
2009     13 0       6      0   253      0   454      8
2010     15 0       9      0   225      0   455      8
2011 8 0 9    0 195    0 410  2
2012 9 0 8 0 197 1 359 3
2013 10 0 7 0 173 0 373 4b
a) See Tables A31 and A33 for description of the surveillance programmes.
b) One flock positive with S. Enteritidis and three flocks positive with S. Typhimurium
Source: Danish Agriculture and Food Council, and Danish Veterinary and Food Administration
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Table A8. Occurrence of Salmonella in the broiler productiona, 2004-2013
a) See Tables A31 and A32 for description of the surveillance programmes. 
b) In 2003-2005, only one flock per house was registered per year although there may have been more than one flock in the house, 
however all flocks were sampled according to the surveillance programme.
c) From 2006, data cover only samples taken following the Salmonella programme. Verification samples taken once a week by pro-
ducers of poultry meat approved to market Salmonella-free poultry meat are not included. Collection of verification samples started 
in the middle of 2005.
d) From 2008, all AM positive flocks are heat treated at slaughter. Sampling is now carried out as verification of the AM results of 
the negative flocks. 
e) S. Typhimurium DT41.
f) Data include  91 organic flocks. 
g) S. 4,5,12:i:- (3), S. Agona (1), S. Bareilly (1), S. Berta (1), S. Derby (1), S. Give (5), S. Infantis (1),  S. Manhattan (1), S. Mbandaka (1), 
S. Newport (3), S. Senftenberg (1), S. Typhimurium (13), Salmonella spp (1) and one double infection with S. Anatum and S. Regent.
Source: Danish Agriculture and Food Council, and Danish Veterinary and Food Administration  
Rearing period 
(parent flocks)
Adult period 
(parent flocks) Broiler flocks
Slaughterhouse 
(flocks/batches)
      N    Positive       N    Positive      N  Positive     N Positive
2004 275 1 155b 6 4,246 64 1,472 24
2005 214 0 185b 0 4,034 87 1,174 27
2006 190 0 282 5 3,621 71 875c 17
2007 152 0 258 3 3,703 60 884 10
2008 146 0 293 2 3,845 43 518d 3
2009 140 0 225 4 3,767 35 375 3
2010 126 0 200 5 3,773 43 346 1
2011 114 0 213 0 3,795 47 306 0
2012 123 0 183 0 3,342 27 368 0
2013 128 0 152 1e 3,498f 34g 288 0
      
a) See Table A34 for description of the surveillance programmes. The two major turkey and duck slaughterhouses in Denmark closed 
down in 2004 and 2007, respectively. Therefore, most commercially reared duck and turkey flocks are transported abroad for slaughter. 
b) Two flocks were positive with S. Indiana.
c) Since 20/09/2013 these samples were no more taken. 
Source: Danish Agriculture and Food Council 
Duck flocks Turkey flocks
         N      % pos           N     % pos
2006 266 80.5 11 0
2007 - - 13 0
2008 68 64.7 10 10.0
2009 85 63.5 15 0
2010 108 56.5 24 4.2
2011 95 58.1 38 2.6
2012 96 49.0 23 0
2013 64c 20.3 56 3.6b
Table A9. Occurrence of Salmonella in turkey and duck flocksa, 2006-2013
Appendix CAppendix 
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Table A10. Occurrence of Campylobacter in broiler flocks, 2004-2013
Cloacal swabs at slaughter Sock samples at farm
N % pos N % pos
2004 5,157 27.0 - -
2005 4,952 30.4 - -
2006 4,522 30.8 - -
2007 4,527 26.8 - -
2008 4,950 26.3 - -
2009 4,591 29.4 - -
2010a - - 3,132 16.5
2011 - - 3,379 14.4
2012 - - 3,376 11.6
2013 - - 3,508 13.1
a) From 2010, results from broiler flocks are not comparable to results from previous years, as the sampling method changed from 
cloacal swabs at slaughter to boot swabs collected in the stable 7-10 days before slaughter according to Regulation No. 1469 of 
15/12/2010 as ammened.
Source: Danish Agriculture and Food Council, Danish Veterinary and Food Administration, and National Veterinary Institute 
         
Table A11. Occurrence of Campylobacter in non-heat treated broiler meat at slaughter and retaila, 2012-2013
Chilled broiler meat (samples)
At slaughter At retail
Denmark Denmark Import
N  % pos     N % posb N % posb     
2012 Conventional 1,044d 21.5 - - - -
Organic/free-range - - - - - -
In total - - 521 9.7 154 28.2
2013 Conventional 870c 28.2 849 12.1 170 12.8
Organic-free-range 93c 90.3 35 42.9 38 71.1
In total - - 884 17.8 208 31.9
a) Centrally coordinated studies (see section 10.4 for describtion). Limit of quantification: 10 cfu/g. 
b) The prevalence is calculated as a mean of quarterly prevalences., except orgnanic/free-range results.
c) Leg-skin samples only.
d) Included are 238 leg-skin samples, prevalence = 24,4%.
Source: National Food Institute
Table A12. Relative distribution of Campylobacter species (%) in broilers before slaughtera,b, 2003-2013
        N   C. jejuni C. coli     C. upsaliensis  NT/other 
2004 101 94.1 5.9 0 0
2005 109 90.8 0 2.8 6.4
2006 113 92.0 7.1 0.9 0
2007 111 91.9 0.9 5.4 1.8
2008 100 90.5 0 2.8 6.6
2009 105 89.0 11.0 0 0
2010 - - - - -
2011 46 95.7 4.3 - -
2012 44 93.2 6.8 - -
2013 60 91.7 8.3 - -
a) Samples were collected as part of the DANMAP programme and isolates were examined using conventional microbiological methods.
b) Since 2010, samples were only tested for C. coli and C. jejuni.
Source: National Food Institute     
Appendix 
       Annual Report on Zoonoses in Denmark 201346
Appendix C
Figure A2. Serological surveillance of Salmonella in slaughter pigsa, 2008-2013. Percentage of seropositive meat juice 
samples (first sample per herd per month)b 
Figure A1. Serological surveillance of Salmonella in breeding and multiplying pigsa based on monthly testing of blood 
samples, 2008-2013 
a) For more information about the surveillance programme, see Table A37.
b) The peak in late summer 2007, the very low level during 2008 and the peak in June 2012 were due to technical problems in the 
laboratory. Peaks in January 2010 and August 2011 were due to data transfer problems.
Source: Danish Agriculture and Food Council     
a) For more information about the surveillance programme, see Table A37.
Source: Danish Agriculture and Food Council 
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a) For more information about the surveillance programme, see Table A36.
Source: Danish Veterinary and Food Administration     
Figure A3. Salmonella in pork, monitored at slaughterhousesa, 2008-2013  
Table A13. Occurrence of zoonotic pathogens in pigs and pork in Denmark, 2013
Herds         Animals/Samples
  Zoonotic pathogen    N    Pos         N     Pos   % pos
At farm
Brucella abortusa -     - 36,453 0 -
Leptospirab 106 1 230 1 0.4
At slaughterhouse (slaughter pigs)
Salmonella spp.c,d 6,914 343e - - -
Salmonella spp.c,f (slaughtering >50 pigs/month) - - 18,015 - 1.3g
Salmonella spp.c,f (slaughtering 50 or less pigs/month) - - 593 - 0.8 
Salmonella spp.c,h - - 894 216 24.2
Trichinella spp.i -    - 19,586,503 0 -
Mycobacterium bovisj - - 18,549,103 0 -
Echinococcus granulosis/multilocularisj - - 18,549,103 0 -
a) Including samples from boars (examined at pre-entry, every 18 month, and prior to release from semen collection centres) 
(15,918 samples), samples collected in connection with export (20,404 samples), import (16 samples) or diagnostic samples (115 
samples). 5-8 ml blood samples were analysed using either the SAT, RBT, CFT or ELISA methods.
b) Sampling is based on suspicion of leptospirosis due to increased abortions or other reproductive problems in a herd. Samples are 
investigated using immunoflourescence techniques.
c) See Table A37 for describtion of the Salmonella surveillance programme.
d) Data are from December 2013. Slaughter pig herds monitored using serological testing of meatjuice samples collected at slaugh-
ter. 
e) Includes herds belonging to level 2 and 3 only.
f) Swab samples from four designated areas of the half-carcass were collected at the slaughterhouse after min. 12 h chilling. Sample 
size is 4x100 cm2. Samples from five animals were pooled, except at slaughterhouses where 50 pigs or less were slaughtered per 
month, in which case samples were analysed individually.
g) When estimating the prevalence of Salmonella, both the loss of sensitivity and the probability of more than one sample being 
positive in each pool are taken into consideration. A conversion factor has been determined on the basis of comparative studies, as 
described in Annual Report 2001.
h) Coecum samples are randomly collected from slaughter pigs at slaughter.
i) Samples collected from slaughter pigs at slaughter were examined using the method described in Directive 2075/2005/EEC. In 
2007, Denmark achieved official status as region with negligible risk of Trichinella, according to EU Regulation (EC) No 2075/2005.
j) Slaughter pigs were examined by meat inspectors at slaughter.
Source: Danish Veterinary and Food Administration, National Veterinary Institute, and National Food Institute
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Table A14. Occurrence of zoonotic pathogens in cattle and beef in Denmark, 2013
a) Denmark has been declared officially brucellosis free since 1979. The last outbreak was recorded in 1962. Including samples from 
bulls (examined at pre-entry, every year, and prior to release from semen collection centres), samples collected in connection with 
export, import or diagnostic samples. 5-8 ml blood samples were analysed using either the SAT, RBT, CFT or ELISA methods.
b) Denmark has been declared officially tuberculosis free since 1980. The last case of TB in cattle was diagnosed in 1988. 
c) Analysis using the tuberculin test. Including samples from bulls (examined at pre-entry, every year, and prior to release from 
semen collection centres) and samples collected in connection with export.
d) Bulk tank milk samples taken for diagnostic testing and analysed using an ELISA method.
e) Serum samples taken for diagnostic testing (76 samples, 18 pos), export (175 samples, 1pos) and breeding (11 samples, no pos) 
and analysed using an ELISA method. An additional 8 samples from placenta was analysed using the FISH method, none were 
positive.
f) See Table A35 for describtion of the surveillance programme. Swab samples from four designated areas of the half-carcass were 
collected at the slaughterhouse after min. 12 h chilling. Sample size is 4x100 cm2. Samples from five animals were pooled, except at 
slaughterhouses where 50 cattle or less were slaughtered per month, in which case samples were analysed individually.
g) When estimating the prevalence of Salmonella, both the loss of sensitivity and the probability of more than one sample being 
positive in each pool are taken into consideration. A conversion factor has been determined on the basis of comparative studies, as 
described in Annual Report 2001.
h) Slaughtered cattle were examined by the meat inspectors at slaughter. 
i) Caecal content are tested from one animal per herd, collected at slaughter (DANMAP programme). A 25 g faecal sample from one 
slaughter calf per herd is examined using overnight enrichment, immunomagnetic separation method and plating on CT-SMAC 
plates for O157.
Source: Danish Veterinary and Food Administration, Danish Agriculture and Food Council, National Veterinary Institute, and 
National Food Institute
a) For more information about the surveillance programme, see Table A36.
Source: Danish Veterinary and Food Administration      
Herds        Animals/Samples
  Zoonotic pathogen    N    Pos        N    Pos % pos
At farm
Brucella abortusa       -    - 1,716 0 -
Mycobacterium bovisb, c - - 1,250 0 -
Coxiella burnetii 40d 26 262e 19 7.3
At slaughterhouse
Salmonella spp.f (slaughtering >50 cattle/month) - - 5,620 -  0.3g
Salmonella spp.f (slaughtering 50 or less cattle/month) - - 602 - 0.8
Mycobacterium bovisb, h       -   - 491,790 -
VTEC O157i 135 17 - - -
Echinococcusus granulosis/multilocularish    -   - 491,790 0 -
Figure A4. Salmonella in beef, monitored at slaughterhousesa,, 2008-2013     
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Table A15. Cattle herds in the S. Dublin surveillance programmea, January 2013
Non-milk 
producing herds
Milk producing 
herds
Salmonella Dublin level        N   % pos         N % pos
Level 1 On the basis of milk samples - - 3,288 92.1
On the basis of blood samples 14,060 95.5 - -
Total Probably Salmonella Dublin free 14,060 95.5 3,288 92.1
Level 2 Titer high in blood- or milk samples 219 1.5 259 7.3
Contact with herds in level 2 or 3 316 2.1 15 0.4
Other causes 124 0.8 5 0.1
Level 3 Salmonellosis, official supervision 0 - 4 0.1
Total Non Salmonella Dublin free 659 4.5 283 7.9
Total number of herds sampled 14,719 3,571
a) See Table A35 for description of the surveillance programme.  
Source: Knowledge Centre for Agriculture, Cattle
Table A16. Relative distribution of Campylobacter (%) in pig and cattle herdsa, 2004-2013    
         
a) Samples were collected as part of the DANMAP programme. Caecal content was tested from one animal per herd. Data does 
not reflect the national prevalence of Campylobacter in pigs and cattle. 
b) Since 2008, samples are only tested for C. coli and C. jejuni.
Source: National Food Institute   
Pigs Cattle
  N C. coli C. jejuni other/unknown N C. coli C. jejuni other/unknown
2004 152 98.0 1.3 0.7 43 2.3 97.7 0
2005 158 97.5 2.5 0 31 0 100 0
2006 154 97.4 2.6 0 99 15.2 84.8 0
2007 205 97.6 2.4 0 93 4.3 95.7 0
2008b 198 97.5 2.5 - 103 4.9 95.1 -
2009 160 85.6 14.4 - 110 2.7 97.3 -
2010 - - - - - - - -
2011 168 96.4 3.6 - 123 8.1 91.9 -
2012 160 88.1 11.9 113 2.7 97.3 -
2013 0 - - - 95 0 100 -
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  2013  2012  2011
N Positive N Positive N Positive
Feed processing plants (process control)a:
Ordinary inspections - clean zone 7,132 2d 7,105 11 7,105 11
Ordinary inspections - unclean zone 577 88e 736 82 736 82
Compound feed, farm animals 375 0 316 0 316 0
Feed materials, farm animalsb 1,295 11f 1,369 25 1,369 25
Transport vehicles, clean zone/hygiene samplesc 973 4g 884 0 884 0
Transport vehicles, clean zone/hygiene samplesc 255 0 259 0 259 0
Table A18. Feed business operators own sampling of Salmonella in compound feeds, feed processing and feed material 
(batch-based data), 2011-2013    
a) Presence of Salmonella in compound feed is indirectly monitored by environmental samples collected during feed processing.
b) Predominantly soy bean meal and rapeseed cake.
c) Samples from transport vehicles (hygiene samples) prior to loading of feed compounds.
d) S. Idikan,  S. 4,5,12:i,:-.
e) Most of the findings were from one feed producer. The raw material from this feed producer is most frequently heat treated at 
other feed production plants during the production of final feed. S. Agona, S. Derby, S. Havana, S. Infantis, S. Livingstone, S. Mon-
tevideo, S. Mbandaka, S. Putten, S. Rissen, S. 4.5.12:i-, S. 13m23:1.w.
f) S. Ealing, S. Havana, S. Idikan, S. Infantis, S. Mbandaka, S. Minnesota, S. Schwarzengrund, S. Senftenberg, S. Worthington.
g) S. Infantis, S. Kottbus, S. Schwarzengrund, S. Typhimurium.
Source: Danish Veterinary and Food Administration and the feed business operators.
Table A17 Results from the intensified control of Salmonella and Campylobacter in fresh meat based on a case-by-case 
risk assessment, 2013     
a) Regulation (EC) No 1086/2011.
b) The Salmonella prevalence in each batch is based on the proportion of positive pooled samples (12 pools per batch) and number 
of subsamples per pool. Only results for batches subjected to risk assessment have been included.
c) Calculated as the risk relative to a batch of the same size with a mean prevalence (weighted average in Danish and imported meat) 
of Campylobacter or of a Salmonella type with an average impact to cause human infection.
Source: Danish Veterinary and Food Administration, and National Food Institute
Batches 
tested
No. of 
batches 
positive
No. of batches 
deemed unsafe 
based on a risk 
assessment
Batches deemed 
unsafe based on 
Microbiological 
criteriaa
Mean 
prevalence 
in positive 
batchesb
Mean relative 
human risk 
in positive 
batchesc
Campylobacter
Danish Broiler 121 33 1 - 32.0 2.43
Imported Broiler 149 63 6 - 34.4 4.39
Salmonella
Danish Pork 231 29 5 - 11.7 5.74
Broiler 100 0 0 - - -
Imported Pork 230 24 3 - 7.4 4.85
Broiler 182 16 2 5 16.5 7.39
Turkey 58 8 1 0 16.3 101.93
Appendix 
51       Annual Report on Zoonoses in Denmark 2013
Appendix C
Table A20 Salmonella in three categories of meat and bone meal by-products not intended for human consumptiona, 
2013
Category of 
processing plant
 Own-check samples Product samples
  N Positive N           Positive
1+2 By-products of this material cannot be used for 
feeding purposes
255 26 52 0
2 By-product of this material may be used for feed for 
fur animals
65 0 17 0
3 By-products from healthy animals slaughtered in a 
slaughterhouse. Products of these may be used for 
petfoodb and for feed for fur animals
445 3 799 20
Total 765 29 868 20  
a) Regulation No. 1774 of 03/10/2002.
b) For cats and dogs. Only by-products from pigs are used in this pet food.
Source: Danish Veterinary and Food Administration
Table A19. Control of Salmonella in compound feeds, feed processing and feed material (batch-based data), 2010-2013
a) See footnote a) to Table A20. Companies are sampled one to four times per year.
b) See footnote b) to Table A20.
c) Primarily findings of Salmonella in the dirty zone. 
d) S. Derby (clean), S. Infantis (dirty and clean), S. Montevideo (dirty), S. Putten (clean), S. Rissen (clean), S. Typhimurium DT41 
(dirty)
e) S. Putten.
Source: Danish Veterinary and Food Administration. 
2013 2012 2011 2010
N Positive N Positive N Positive N Positive
Feed processing plants (process control)a:
Ordinary inspectionsc 333 7d 311 11 377 12 558 5
Feed materials, farm animalsb 99 2e 99 4 68 3 379 24
A pendix 
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Table A21. Pathogens in batchesa of ready-to-eat vegetables, herbs and fruitsb, 2013
Appendix 
Salmonella Campylobacter E. coli (>100 cfu/g)
Type of sample N Pos N Pos N Posj
Vegetables
Baby corn 17 2g 17 0 17 7k
Cucumber 7 0 7 0 7 0
Pepper 25 0 25 0 25 0
Salad 89 1h 89 0 89 2l
Sprouts 39 0 39 1i 39 6m
Sugar peas 21 0 21 0 21 0
Tomato 21 0 21 0 21 0
Other vegetablesc 17 0 17 0 17 0
Herbs
Chives 5 0 5 0 5 0
Parsley 10 0 10 0 10 2n
Rosemary 2 0 2 0 2 0
Sage 1 0 1 0 1 0
Spearmint 2 0 2 0 2 0
Spring onions 12 0 12 0 12 0
Tarragon 2 0 2 0 2 0
Other herbsd 11 0 11 0 11 0
Fruit and berries
Apples and pears 9 0 9 0 9 0
Grapes 11 0 11 0 11 0
Raspberries 14 0 14 0 14 0
Strawberries 16 0 16 0 16 1o
Other berriese 23 0 23 0 23 0
Other fruitsf 6 0 6 0 6 0
Total 360 3 360 1 360 18
a) Five samples per batch
b) Centrally coordinated study to control and investigate Salmonella, Campylobacter and E. coli in Danish and imported ready-to-
eat vegetables, sprouts and herbs.
c) including cauliflower, cabbage, broccoli, beans,  zucchini and onions.
d) including basil, thyme and dill.
e) including cranberries, blue- and blackberries.
f) including plums, cherries, persimmon and carambole.
g) S. Weltevreden and S. Thompson in two different batches from Thailand.
h) S. Napoli in one batch of leafy green from Italy.
i) One batch of alfalfa sprouts sprouted in Denmark.
j) Batches with >100 cfu/g in one or more samples.
k) Six batches from Thailand and one batch from Kenya.
l) Two batches from Spain and Germany, respectively.
m) Four batches of bean sprouts from Denmark and one batch of beet root sprouts and one batch of onion sprouts from the 
Netherlands.
n) Two bacthes of parsley from Italy.
o) One batch of strawberries from Egypt.
Source: Danish Veterinary and Food Administration
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Table A22. Occurrence of zoonotic pathogens in pets and zoo animals in Denmarka, 2013
a) All samples are analysed based on suspicion of disease, and does not reflect the country prevalence
b) One budgerigar, two red-foooted tortoises, one leopard gecko and one corn snake.
c) One leopard gecko tested positive for typh II 47:b:enxz15. 
d) One vincunja.
e) One oestrich, one red-billed quelea.
f) Results based on serological testing of blood samples.
g) Four psittacine birds, three parots.
h) Two parrots.
i) Two ring-tailed lemur,  one southern pig-tailed macaque.
Source: National Veterinary Institute, and Danish Veterinary and Food Administration
Pet animals Zoo animals
Dogs Cats Others Mammals & reptiles Birds
Zoonotic pathogen N Pos N Pos N Pos N Pos  N  Pos
Salmonella spp. 3 0 2 0 5b 1c 1d 0 2e 0
Campylobacter spp. 0 - 0 - 0 - 0 - 0 -
Brucella canis/abortusf 0 - 0 - 0 - 0 - 0 -
Chlamydia psittaci 0 - 0 - 7g 2h 0 - 0 -
Cryptosporidium spp. 4 1 1 0 0 0 3i 0 0 -
Lyssavirus (classical) 1 0 0 - 0 - 0 - 0 -
European Bat Lyssavirus 1 0 0 - 0 - 0 - 0 -
Table A23. Occurrence of zoonotic pathogens in wild and farmed wildlife in Denmarka, 2013
Farmed wildlife Wildlife
Wild boar Minks & chincillas Mammals Birds
Zoonotic pathogen N Pos  N  Pos N Pos N Pos
Salmonella spp. 0 - 31 1b 18c 3d 0 -
Campylobacter spp. 0 - 3 0 0 - 0 -
Chlamydia psittaci 0 - 0 - 0 - 100m 7
Cryptosporidium spp. 0 - 5 5 45e 12f 3g 1h
Echinococcus multilocularis 0 - 0 - 417i 4j 0 -
Trichinella spp.n 572 0 0 - 687k 0 0 -
Lyssavirus (classical) 0 - 0 - 14l 0 0 -
European Bat Lyssavirus 0 - 0 - 14l 0 0 -
a) All samples are analysed based on suspicion of disease and does not reflect the country prevalence, except for animals analysed 
for Echinococcus multilocularis. These animals are collected as part of  survey.
b) S. Typhimurium.
c) 1 roe deer, 5 hedgehogs, 12 badgers.
d) 2 Hedgehogs with S. Enteritidis and 1 badger with S. Dublin.
e) 1 hare, 5 minks, 14 racoon dogs, 8 otters, 2 wolves, 13 roe deer, 1 hedgehog, 1 squirrel.
f) 5 minks, 2 raccon dogs, 2 roe deer, 1 wolf, 1 hedgehog, 1 squirrel.
g) 2 sparrowhawks and 1 sea eagle.
h) 1 sea eagle.
i) Results from a survey. 305 foxes, 26 badgers, 85 racoon dogs, 1 racoon.
j) Foxes.
k) 1 dolphin, 50 badgers, 61 minks, 158 racoon dogs, 2 coatis, 386 foxes, 4 racoons, 3 porpoises, 1 gray seal, 21 harbour seals.
l) 3 foxes, 1 marten, 10 bats.
m) Mallards.
n) In 2007, Denmark achived official status as region with negligible risk of Trichinella, according to EU regulation (EC) No 
2075/2005.
Source: National Veterinary Institute, and Danish Veterinary and Food Administration
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Table A24. The Bovine Spongiform Encephalopathy (BSE) surveillance programmea for cattle, 2013
a) According to the EU Regulation (EC) 999/2001 as amended, Commission Decision 2009/719/EC as amended and Danish Order 
no. 878 of 01/07/2013 as amended.
b) Samples (brain stem material) are tested using a IDEXX technique or Prionics-Check PrioStrip. Confirmatory testing is carried 
out using Western blot (definitive diagnosis if positive case), else with histopathology or immunohistochemistry. Further confirma-
tion on autolysed material is performed at the European Union TSE reference laboratory.
Source: National Veterinary Instistute, and Danish Veterinary and Food Administration
Type of surveillance                             Nb                          Positive
Active surveillance
Healthy slaughtered animals (>48 months) 3,342 0
Risk categories:
Emergency slaugthers (>48 months) 1,114 0
Slaughterhouse antemortem inspection revealed suspi-
cion or signs of disease (>48 months)
0 -
Fallen stock (>48 months) 19,019 0
Animals from herds under restriction 0 -
Passive surveillance
Animals suspected of having clinical BSE 2 0
Total 23,477 0
Table A25. The Transmissible Spongiform Encephalopathy (TSE) surveillance programmea for sheep and goats, 2013 
   Type of Surveillance                                           Nb Positive
Active surveillance 
Fallen stock (>18 months) 637 0
Animals from herds under restriction 0 -
Passive surveillance
Animals suspected of having clinical TSE 0 -
Total 637 0
a) According to the EU Regulation (EC) 999/2001 as amended, Commission Decision 2009/719/EC as amended and Danish Order 
no. 1288 of 20/12/2011 as amended.
b) Samples (brain stem material) are tested using a IDEXX technique or Prionics-Check PrioStrip. Confirmatory testing is carried 
out using Western blot (definitive diagnosis if positive case), else with histopathology or immunohistochemistry. Further confirma-
tion on autolysed material is performed at the European Union TSE reference laboratory.
Source: National Veterinary Institute, and Danish Veterinary and Food Administration
Appendix CAppendix 
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Table A26. Distributiona (%) of prion protein genotype of sheep randomly selected, 2013  
Genotype Sheepn=100
NSP 1 ARR/ARR 26
NSP2 ARR/AHQ, ARR/ARH, ARR/ARQ 16
NSP 3 (ARQ/ARQ) ARQ/ARQ 36
NSP 3 (Other) AHQ/AHQ, AHQ/ARH, AHQ/ARQ, ARH/ARQ, ARH/ARH, ARQ/ARHARH/AHQ, ARQ/AHQ 16
NSP4 ARR/VRQ 1
NSP5 ARH/VRQ, ARQ/VRQ, VRQ/VRQ, AHQ/VRQ 5
Total 100
a) The genotypes were grouped in the NSP classification system according to their different susceptibility: 
NSP 1: Genetically most resistant, NSP 2: Genetically resistant, NSP 3: Genetically little resistance, 
NSP 4: Genetically susceptible, and NSP 5: Genetically highly susceptible.  
Source: National Veterinary Institute, and Danish Veterinary and Food Administration
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Table A27. Centrally coordinated studies conducted in 2013
Appendix 
Title of project No. of samples Pathogen surveyed Further information
DANMAP, antimicrobial resistance 
in Danish and imported broiler, beef 
and pork
1,000 Salmonella spp.,Campylobacter 
spp., Escherichia coli, Entero-
coccus faesium, Enterococcus 
faecalis
Results are presented in the 
DANMAP Report 2013
ESCa in pigs at slaughter 400 Escherichia coli Data are being processed
Campylobacter spp. in fresh, chilled 
Danish broiler meat
1,200 Campylobacter spp. Appendix Table A11
Campylobacter spp. in fresh, chilled 
Danish and imported broiler meat
1,000 Campylobacter spp. Appendix Table A11
Intensified control for Salmonella 
spp. and Campylobater spp. in fresh 
Danish and imported meat
851b Salmonella spp., 
Campylobacter spp.
Appendix Table A17
Salmonella spp. - antibiotic resistance 
in slaughter pigs
960 Salmonella spp. Data are being processed
Salmonella spp. i table eggs - trade 100 Salmonella spp. Results are published on the 
DFVA website www.fvst.dk 
(in Danish)
Salmonella spp. and Escherichia coli in 
raw, frozen scallop from Greenland
50 Salmonella spp., Escherichia coli Data are being processed
Listeria monocytogenes, Salmonella 
spp., Escherichia coli, staphyllococci 
in fish goods from Greenland
100 Salmonella spp., Listeria mo-
nocytogenes, Escherichia coli, 
staphyllococci
Data are being processed
Listeria monocytoges in cold smoked 
fish products
1,000 Listeria monocytogenes Appendix Table A28
Microbiological classification of 
mussel production areas in Denmark
100 Salmonella spp., Escherichia coli Results are published on the 
DFVA website www.fvst.dk 
(in Danish)
Pathogens in Danish and imported 
ready-to-eat vegetables
1,000 Salmonella spp., Campylobacter 
spp., Escherichia coli
Appendix Table A21
Salmonella in herbs (EU 699/2009) 100 Salmonella spp. Data are being processed
Salmonella and E. coli - meat prepa-
ration - at retail
500 Salmonella spp., Escherichia coli Data are being processed
Salmonella and E. coli in meat       
products for heat treatment
500 Salmonella spp., Escherichia coli Data are being processed
Official verification of microbiologi-
cal criteria (EU 2073/2005)
350 Salmonella spp., Listeria mono-
cytogenes, Escherichia coli, total 
viable count
Data are being processed
Salmonella in animal feed 525 Salmonella spp. Results are published on  the 
DFVA website www.fvst.dk 
(in Danish)
Salmonella Dublin in beef 300 Salmonella spp., Escherichia coli Data are being processed
Import control - Fish 300 Salmonella spp., Listeria mo-
nocytogenes, Escherichia coli, 
staphyllococci
Results are published on the 
DFVA website www.fvst.dk 
(in Danish)
Campylobacter in organic poultry 
products
100 Campylobacter spp Data are being processed
Campylobacter - slaughterhygiene - 
poultry
1,900 Campylobacter spp., Escherichia 
coli
Data are being processed
a) ESC: Expanded-Spectrum Cephalosporin-Resistant Strains.
b) Batches.
Source: Danish Veterinary and Food Administration, and National Food Institute
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Table A28. Listeria monocytogenes in Danish produced ready-to-eat foodsa, 2013      
   Samples analysed by a 
qualitative methodb
Samples analysed by a 
quantitative method
Batchesc Single samples Batchesc Single samples
Food category Sampling place N Pos N Pos N Pos N Pos
Cheese, RTE At processing 35 0 0 - 22 0 0 -
  At retail 0 - 0 - 0 - 1 0
Milk and dairy products, RTE  At processing         22 0 4 0 29 0 0 -
      At retail 0 - 0 - 0 - 0 -
Products made from broiler 
meat, RTE
At processing 1 0 0 - 1 0 0 -
At retail 0 - 0 - 0 - 0 -
Products made from other 
poultry meat, RTE
At processing 0 - 0 - 0 - 0 -
At retail 0 - 0 - 0 - 0 -
Products made from pork, 
RTE
At processing 21 2 11 - 3 0 0 -
At retail 0 - 1 - 0 0 3 0
Products made from beef, 
RTE
At processing 5 2 6 0 2 0 0 0
At retail 0 - 0 - 0 - 2 0
Fruit, RTE At processing 0 - 0 - 0 - 0 -
At retail 0 - 0 - 0 - 0 -
Vegetables, RTE At processing 20 0 0 - 1 0 0 -
At retail 0 - 0 - 0 - 0 -
Fish and Fishery products, 
RTE
At processing 4 2 16 0 16 0 0 -
At retail 0 - 0 - 0 - 0 -
Shellfish and products there 
off, RTE
At processing 1 0 2 - 8 0 0 -
At retail 0 - 0 - 0 - 0 -
Other RTE products At processing 14 0 2 0 26 0 0 -
At retail 4 0 0 - 7 - -
a) Samples are collected by the local food control offices according to EU Regulation (EC) No 2073/2005.  
b) Listeria monocytogenes present in a 25 g sample of the product.     
c) 5 samples from each batch, analysed individually.
Source: Danish Veterinary and Food Administration
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Monitoring and surveillance programmes
Table A29. Overview of notifiable and non-notifiable human diseases presented in this report, 2013
a) Danish order no. 277 of 14/04/2000. Cases must be notified to Statens Serum Institut.
b) The regional microbiological laboratories report confirmed cases.   
c) The physician report individually notifiable infections.   
d) The laboratories voluntarily report confirmed cases.   
Source: Statens Serum Institut
Patogen Notifiable Notification route
Bacteria
Brucella spp. no -
Campylobacter spp. 1979a Laboratoryb
Chlamydophila psittaci (Ornithosis) 1980a Physicianc
Listeria monocytogenes 1993a Physician
Leptospira spp. 1980a Physician
Mycobacterium bovis/ tuberculosis 1905a Physician (and laboratoryd)
Coxiella burnetii no -
Salmonella spp. 1979a Laboratory
VTEC 2000a Physician and laboratory
Yersinia enterocolitica 1979a Laboratory
Parasites
Cryptosporidium spp. no -
Echinococcus multilocularis no -
Echinococcus granulosus no -
Toxoplasma gondii no -
Trichinella spp. no -
Viruses
Lyssavirus (Rabies) 1964a Physician (via telephone)
Prions
BSE/Creutzfeld Jacob 1997a Physician
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Patogen Notifiable EU legislation Danish legislation
Bacteria
Brucella spp.
      Cattle
1920a             
OBF in 1979b Decision 2003/467/EC Order no 305 of 3/5 2000 
      Sheep and goats ObmF in 1995c Decision 2003/467/EC Order no. 739 of 21/8 2001
      Pigs No cases since 
1999
Directive 2003/99/EC Order no. 205 of 28/3 2008
Campylobacter spp. no - -
Chlamydophila psittaci 
      Birds and poultry
1920 -  
Order no. 871 of 25/8 2011
Listeria monocytogenes no - -
Leptospira spp. (only in 
production animals)
2003 - Act no. 432 of 09/06/2004
Mycobacterium bovis/tuber-
culosis
      Cattle
1920a                                            
OTF in 1980d Decision 2003/467/EC Order no. 1417 of 11/12 2007
Coxiella burnetii 2005 - Act no. 432 of 09/06/2004
Salmonella spp.
      Cattle
      Swine
      Poultry
1993e -
Order no. 954 of 10/07/2013 
Order no. 404 of 08/05/2012
Order no. 1512 of 13/12/2013
    VTEC no - -
Yersinia enterocolitica no - -
Parasites
Cryptosporidium spp. no - -
Echinococcus multilocularis 2004 Council Directive 64/433/EC Act no. 432 of 09/06/2004
Echinococcus granulosus 1993 Council Directive 64/433/EC Act no. 432 of 09/06/2004
Toxoplasma gondii no - -
Trichinella spp. 1920a Regulation 2075/2005/EC Order no. 412 of 28/05/2008
Viruses
Lyssavirus (Rabies) 1920 - Order no. 330 of 14/04/2011
Prions
TSE
      Sheep and goats yes Regulation 999/2001/EC 
(as amended)
Order no. 1288 of 20/12/2011 
BSE
      Cattle yesf Regulation 999/2001/EC 
(as amended)
Order no. 878 of 01/07/2013
(as amended)
Table A30. Overview of notifiable and non-notifiable animal diseases presented in this report, 2013
a) Clinical cases, observations during the meat inspection at the slaughterhouse, positive blood samples or finding of agents are 
notifiable.   
b) Officially Brucellosis Free (OBF) according to Council Directive 64/432/EC as amended and Commision Decision 2003/467/EC. 
No cases in  since 1962.   
c) Officially B. melitensis Free (ObmF) according to Council Directive 91/68/EC and Commision Decision 2003/467/EC. Never 
detected in sheep or goat.  
d) Officially Tuberculosis Free (OTF) according to Council Directive 64/432/EC as amended and Regulation (EC) No 1226/2002, 
and Commission Decision 2003/467/EC. No cases in  since 1988 or in deer since 1994.   
e) Only clinical cases notifiable.
f) Denmark was recognized as a country with neglible risk for BSE at OIE general session in May 2011.
Source: Danish Veterinary and Food Administration    
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Time Samples taken Material Material
Rearing flocks Grandparent generation Parent generation
Day-olda,b Per 
delivery
5 transport crates from one delivery: 
crate liners (>1m2 in total) or swab 
samples (>1m2 in total). Analysed as 
one pool
5 transport crates from one delivery: 
crate liners (>1m2 in total) or swab 
samples (>1m2 in total). Analysed as 
one pool
1st  & 2nd weekb, c Per unit - 2 pairs of boot swabs (analysed as one 
pooled sample) or 1 faeces sample of 
60g
4th weeka,c Per unit 5 pairs of boot swaps (analysed as two 
pooled samples), or 1 faeces sample 
consisting of 2x150g
2 pairs of boot swabs (analysed as one 
pooled sample) or 1 faeces sample of 
60g
8th weekb,c Per unit 2 pairs of boot swabs (analysed as one 
pooled sample). Cage birds: 60x1g 
samples of fresh droppings. Analysed 
as one pool
2 pairs of boot swabs (analysed as one 
pooled sample). Cage birds: 60x1g 
samples of fresh droppings. Analysed 
as one pool
2 weeks prior to 
movinga,d
Per unit 5 pairs of boot swabs (analysed as two 
pooled samples), or 1 faeces sample 
consisting of 2x150g
2 pairs of boot swabs (analysed as one 
pooled sample) or 1 faeces sample of 
60g
Adult flocks Grandparent generation Parent generation
Every two weeksa,b 
(Every 16th week)e
Per flock Hatcher basket liners from 5 baskets 
(>1m2 in total) or 10g of broken egg-
shells from each of 25 hatcher baskets 
(reduced to 25g sub-sample). Analy-
sed as one pool
Hatcher basket liners from 5 baskets 
(>1m2 in total) or 10g of broken eggs-
hells from each of 25 hatcher baskets 
(reduced to 25g sub-sample). Analysed 
as one pool
After each hatchb Per hatch Wet dust samples. Up to four hatchers 
of the same flock can be pooled
Wet dust samples. Up to four hatchers 
of the same flock can be pooled
Every weekb Per unit - 2 pairs of boot swabs (analysed as one 
pooled sample) or 1 faeces sample of 
60g
0-4 weeks after 
moving, 8-0 weeks 
before slaughterb,d
Per unit 5 pairs of boot swabs (analysed as two 
pooled samples), or 1 faeces sample 
consisting of 2x150g
5 pairs of boot swabs (analysed as two 
pooled samples), or 1 faeces sample 
consisting of 2x150g
After positive 
findingsb,d
Per unit 5 pairs of boot swabs (analysed as two 
pooled samples), 2 dust samples (250 
ml) and 5 birds (analysed for antimi-
crobial substances)
5 pairs of boot swabs (analysed as two 
pooled samples), 2 dust samples (250 
ml) and 5 birds (analysed for antimi-
crobial substances)
Table A31. Salmonella surveillance programme for the rearing flocks and adult flocks of the grandparent and parent 
generation of the broiler and table egg production, 2013
a) Sampling requirements set out by Regulation (EC) No 2160/2003.
b) Samples collected by the food business operator.
c) Sampling requirements set out by Order no 952 of 10/07/2013.
d) Samples collected by the Danish Veterinary and Food Administration
e) When eggs from a flock exceed the capacity of one incubator, each incubator should be sampled as described.
Source: Danish Veterinary and Food Administration
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Table A32. Salmonella and Campylobacter surveillance programme for the broiler flocks, 2013
Table A33. Salmonella surveillance programme for the pullet-rearing, table egg layer and barnyard/hobby flocks in the 
table egg production, 2012
    
Time Samples taken Material
Salmonella
15 - 21 days before slaughtera,c,d Per flock 5 pairs of boot swabs. Analysed individually
7 - 10 days before slaughterb,e Per flock 5 pairs of boot swabs. Analysed individually
After slaughterb,c Per batch 300x1g neck skin, analysed in pools of max. 60 grams. 
Sampling size depends on whether the slaughterhouse 
slaughters only AM-negative flocks or AM-negative as well 
as AM-positive flocks
Campylobacter
7 - 10 days before slaughterb,e Per flock 1 pair of boot swabs
Appendix 
a) Sampling requirements set out by Order no 1260 of 15/12/2008, replaced by Order no. 953 of 10/07/2013 and no. 1134 of 
27/09/2013. 
b)Until 01/10/2013 sampling every 9th week only.
c) Samples collected by the Danish Veterinary and Food Administration.
d) Samples collected by the food business operator.
e) According to Regulation (EC) 2160/2003 sample collection must be carried out every 15 weeks as a minimum.
f) Until 01/10/2013 sampling every 9th week only.
g) For flocks with 30 birds or less: No testing if only delivered to a well-known circle of users.
Source: Danish Veterinary and Food Administration
Time Samples taken Material
Pullet-rearing
Day-olda,d Per delivery 5 transport crates from one delivery: Crate liner (> 1 m2 in 
total) or swab samples (> 1 m2 in total) (Analysed as one 
pooled sample)
4 weeks oldb,d Per flock 5 pairs of boot swabs (analysed as two pooled samples) or 
5 faeces samples of 60 gram
2 weeks before movinga,c Per flock 5 pairs of boot swabs (analysed as two pooled samples) or 
5x60 g faeces samples. 60 blood samples (serology)
Table egg layers (Production for certified packing stations)
24 weeks olda,c Per flock 2 pairs of boot swabs (analysed as one pooled sample) or 1 
faeces sample consisting of 2x150 g. 250 ml (100 g) dust or 
a dust sample by a cloth of min. 900 cm2
Every 2 weeks from age 20 
weeksa,b,d,e, f
Per flock 2 pairs of boot swabs (analysed as one pooled sample) or 1 
faeces sample consisting of 2x150 g. 
After positive findings of other 
serotypes than S. Enteritidis, S. 
Hadar, S. Infantis, S. Virchow or 
S.Typhimurium including the mo-
nophasic strains S. 1,4,[5],12:i:-c
Per flock 5 pairs of boot swabs (analysed as two pooled samples) or 
5 faeces samples consisting of 60 gram each
Barnyard and hobby flocks
Every 18 weeksb,d,g Per flock Egg samples
,
a) Sampling requirements set out by Regulation (EC) 2160/2003.
b) Sampling requirements set out by Order no. 1512 of 13/12/2013 replacing 1105 of 18/09/2013 replacing 1462 of 16/12/2009. 
c) Samples collected by the food business operator.
d) Once a year, one pair of socks is collected by the Danish Veterinary and Food Administration. 
e) Samples are collected by a representative of the slaughterhouse, laboratorium or the Danish Veterinary and Food Administra-
tion. 
Source: Danish Veterinary and Food Administration     
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Table A34. Salmonella surveillance programmes for the duck and turkey flocks, 2013
Time Samples taken Material
Duck production
Max. 21 days before slaughtera,b,c Per flock 2 pairs of boot swabs. Analysed        
individually
Turkey production
Max. 21 days before slaughterd,e Per flock 2 pairs of boot swabs. Analysed        
individually
a) Sampling requirements set out by Order no 1512 of 13/12/2013 replacing Order no.1105 of 18/09/2013 replacing Order no. 
1260 of 15/12/2008.    
b) Samples collected by the food business operator.
c) Since 20/09/2013 these samples were no more taken    
c) Sampling requirements ser out by Regulation (EC) 584/2008.
d) Samples collected by the food business operator or the local food control offices.
Source: Danish Veterinary and Food Administration
Table A35. Salmonella surveillance programmea for the cattle production, 2013     
   No. of samples Samples taken Comment
Milk producing herds
4 samples distributed over 18 
months
Bulk tank samples Calculation of herd levelb
10 samples Blood samples If the owner wants a herd moved from 
level 2 to 1
Non-milk producing herds
1 sample every 180 days at 
slaughterc  
Blood samples Calculation of herd levelb
4-8 samples depending on herd 
size
Blood samples Consecutive negative samples required 
for level 1d
Beef carcasses at the slaughterhouse
5 samples daily, pooled into 
one analysis
Swab samples from 4 designated areas 
after 12 hours chilling (4x100cm2)
Slaughterhouses slaughtering more than 
200 cattle per day
5 samples per 200 slaughtered 
cattle, pooled into one analysis
Swab samples from 4 designated areas 
after 12 hours chilling (4x100cm2)
Slaughterhouses slaughtering more than 
200 cattle per month but 200 or less 
cattle per day
5 samples every 3rd month, 
pooled into one analysis
Swab samples from 4 designated areas 
after 12 hours chilling (4x100cm2)
Slaughterhouses slaughtering 50-200 
cattle per month
1 sample every 3rd month Swab samples from 4 designated areas 
after 12 hours chilling (4x100cm2)
Slaughterhouses slaughtering less than 
50 cattle per month
a) Order no. 954 of 10/07/2013 as ammended. In 2013, the programme for eradication of Salmonella Dublin from the Danish cattle 
production was intensified. This implies regionalisation of the country according to prevalence and compulsory eradication plans 
in Level 2 herds. 
b) Herd levels based on serological testing (blood and milk):
Level 1: Herd assumed free of infection based on bulk tank samples (milk producing herd) or blood samples (non-milk producing 
herd or milk producing-herd assumed free of infection).
Level 2: Herd not assumed free of infection.
Level 3: Herd infected based on culture and clinical signs. 
c) No samples are taken, if the herd has been tested for S. Dublin within the last 180 days or 8 samples have been tested within the 
last 24 months.        
d) Number of samples equals total number of animals in the herd minus 2 (max. 8 animals, min. 4 animals).
Source: Danish Agriculture and Food Council, and Danish Veterinary and Food Administration
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Table A36. Salmonella surveillance programmea for the pig production, 2013
a) Sampling requirements set out by Order no. 1722 of 22/12/2010.
b) Herds with index above 10 have to pay a penalty for each pig sold.  
c) Pigs from herds in Level 3 must be slaughtered under special hygienic precautions.
d) The herd owner must inform buyers of breeding animals about the infection level and type of Salmonella.  
e) RBOV: risk-based surveillance where the sample size in herds with a SP-index of zero (no positive samples in the previous three 
months) are reduced to one sample per month. 
f) These serotypes are primarily spread by live trade, and are known to persist in herds.
Source: Danish Veterinary and Food Administration  
Time Samples taken Purpose
Breeding and multiplier herds
Every month 10 blood samples per 
epidemiological unit
Calculation of Salmonella-index based on 
the mean from the last three months with 
most weight to the result from the more 
recent months (1:3:6)
Max. twice per year Herds with Salmonella-index 5 
or above: Pen-faecal samplesb, d
Clarify distributionc and type of infection 
in the herd
Sow herds
When purchaser of piglets is 
assigned to level 2 or 3, max. twice 
per year
Pen-faecal samples Clarify distributionc and type of infection 
in the herd, and clarify possible trans-
mission from sow herds to slaughter pig 
herds
Herds positive with S. Typhimu-
rium, S. Infantis and S. Derby are 
considered positive for the fol-
lowing 5 yearsf
No samples are collected from 
the herd during the 5 year period 
when the herd is considered po-
sitive, unless the herd is proven 
negative
Reduce repeated sampling in positive 
herds infected with a persistent serotype
Slaughter pigs, herds
At slaughter Meat juice, 60-100 samples per 
herd per year. Herds in RBOVd, e: 
one meat juice sample per month 
Calculation of slaughter pig index based 
on the mean from the last three months 
with most weight to the result from the 
most recent month (1:1:3). Assigning 
herds to level 1-3 and assigning herds to 
risk-based surveillance (RBOV)e
Slaughter pigs, animals
At slaughter Coecum samples, 80 samples per 
month, 11 month per year
Random collection of samples for mo-
nitoring of the distribution of serotypes 
and antimocrobial resistance. 
Herds assigned to level 2 or 3, 
max. twice a year
Pen-faecal samples Clarify distribution and type of infection 
in the herd
Pork carcasses at the slaughterhouse
5 samples daily, pooled into one 
analysis
Swab samples from 4 designa-
ted areas after 12 hours chilling 
(4x100cm2)
Slaughterhouses slaughtering more than 
200 pigs per day
5 samples per 200 slaughtered pig, 
pooled into one analysis
Swab samples from 4 designa-
ted areas after 12 hours chilling 
(4x100cm2)
Slaughterhouses slaughtering more 
than 200 pigs per month or 200 or less                
pigs per day
5 samples every 3rd month, 
pooled into one analysis
Swab samples from 4 designa-
ted areas after 12 hours chilling 
(4x100cm2)
Slaughterhouses slaughtering more 
than 50 pigs per month or less than                        
200 pigs per month
1 sample every 3rd month Swab samples from 4 designa-
ted areas after 12 hours chilling 
(4x100cm2)
Slaughterhouses slaughtering less than 50 
pigs per month
Appendix 
       Annual Report on Zoonoses in Denmark 201364
Table A37. Typing methods used in the surveillance of foodborne pathogens in Denmark, 2013
Methods Human Food Animal
Salmonella enterica
Serotype All All All
Phage type None Few S. Typhimurium and 
S. Enteritidis
Few S. Typhimurium and 
S. Enteritidis, all isolates from 
poultry
Antimicrobial 
resistance
All Salmonella except S. 
Enteritidis
Almost all isolates Almost all isolates
MLVA S. Typhimurium and S. 
Enteritidis
S. Typhimurium and S. Enteri-
tidis for the Salmonella source 
account, outbreak investigati-
ons and research
S. Typhimurium and S. 
Enteritidis for the Salmonella 
source account, outbreak 
investigations and research
PFGE Outbreak investigations Outbreak investigations Outbreak investigations
Campylobacter coli/jejuni
Antimicrobial 
resistance
Isolates from 3 districts for 
DANMAP surveillance
For DANMAP  surveillance 
purposes and the case-by-case 
program 
Only for DANMAP            
surveillance purposes
FlaA-SVR Outbreak investigations Outbreak investigations None
MLST Outbreaks investigaions,  
research
None None
VTEC
Serotype All None All (O157)
Virulence profile All None All (O157)
PFGE All None Outbreak investigations
Listeria
Serogroup All None None
PFGE All All All
WGS All None None
Yersinia enterocolitica
O-group All isolates send to SSI None None
Source: Statens Serum Institut, and Danish Zoonosis Laboratory, National Food Institute 
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Table A38. Human population, 2013
Source: Statistics Denmark    
Table A39. Number of herds/flocks, livestock and animals slaughtered, 2013 
a) August 2013.
Source: The Central Husbandry Register and Danish Veterinary and Food Administration
Population and slaughter data
Table A40. Number of farms in the broiler production, 2013
Source: Danish Veterinary and Food Administration and Danish Agriculture and Food Council
Age groups (years)       Males             Females               Total
0-4 155,792 147,990 303,782
5-14 340,363 324,525 664,888
15-24 370,625 354,395 725,020
25-44 708,813 700,049 1,408,862
45-64 750,502 747,447 1,497,949
65+ 466,184 560,550 1,026,734
Total 2,792,279 2,834,956 5,627,235
Herds/flocksa  Livestocka (capacity) Number slaughtered
Slaughter pigs (>27 kg) 7,057 6,494,809 18,549,103
Cattle 19,798 1,599,254 491,790
Broilers 296 22,053,902 107,098,752
Layers (excl. barnyard) 400 4,979,268 -
Turkeys 36 378,199 4,075
Sheep & lambs 7,265 153,708 74,550
Goats 3,336 22, 22844 844 2,935
Horses - - 1,723
No. of holdings No. of houses/flocks   Livestock (capacity)
Rearing period (grandparent) 4 14 90,000
Adult period (grandparent) 4 7 90,000
Rearing period (parent) 15 90 130,000
Adult period (parent) 44 146 720,000
Hatcheries 4 - -
Broilers 259 600 -
Table A41. Number of farms in the table egg production, 2013
Source: Danish Veterinary and Food Administration, and Danish Agriculture and Food Council
No. of holdings No. of houses/flocks Livestock (capacity)
Rearing period (parent) 6 10 20,000
Adult period (parent) 8 8 40,000
Hatcheries 5 - -
Pullet-rearing 82 140 1,460,000
Layers (excl. Barnyard) 161 218 3,320,000
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